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Summary of the dissertation 
"Social development and behavioural reciprocity in young rhesus monkeys 
with their siblings and non-siblings" 
by Magdalena C. Janus 
This study aimed to assess the influence of relationships with partners close in age on the 
development of social competence in immature monkeys. Social relationships between 28 sibling 
and non-sibling immature captive rhesus macaques, (Macaca mulatta), 4 to 40 months old, living 
in four social groups, were investigated. First, the characteristics of affiliative and agonistic 
aspects of those relationships were described. Then, the degree to which social behaviours were 
reciprocated in dyads of immatures, and possible factors influencing the reciprocity were . 
examined. For affiliative behaviours like play, grooming and proximity, Interaction Reciprocity 
, reflecting the behaviour of two individuals during their interactions, and partner reciprocity 
reflecting the behaviour of two monkeys in relation to the behaviour of each individual towards 
- other available partners, were assessed for each pair of siblings and of non-siblings. Interaction 
• Reciprocity in play was based on the ratio of play initiations, in grooming on the ratio of time 
spent grooming, and in proximity on the ratio of approaches and leavings due to each partner. 
The affiliation levels between immature rhesus monkeys shown in grooming and proximity 
were most affected by their kinship. As such, they reflected the differences found in patterns of 
affiliation among adults. The differences shown in play were much less pronounced but they 
were also biased towards siblings, which were more frequent partners than non-siblings. Among 
non-siblings, age difference was the key factor influencing their affiliation: same-age partners 
were more affiliated than partners born in different years. 
High levels of affiliation did not preclude high levels of aggression. Siblings were more 
aggressive to each other than non-siblings, but their agonistic interactions involved less severe 
aggression and more reciprocity, in so far as immatures were more likely to respond aggressively 
when attacked by a sibling than by a non-sibling. Dominance ranks, which were fairly stable 
between pairs of immatures, seemed to influence patterns of play initiations, grooming and 
proximity to a certain extent. 
Interaction Reciprocity . was higher among siblings than among non-siblings only in 
grooming. However, non-sibling grooming Interaction Reciprocity was higher between reciprocal 
partners than between non-reciprocal ones. Play Interaction Reciprocity was high between 
reciprocal play partners. In play, grooming and proximity siblings were more often reciprocal 
partners than non-siblings. Siblings were also more likely to be reciprocal partners in more than 
one behaviour than non-siblings. Immatures did not reciprocate agonistic aid by aiding the 
former supporter. However, coalitions and coalitions for aids or vice versa were reciprocated, and 
it happened more often in sibling than in non-sibling dyads. Generally, sibling relationships were 
more likely to be reciprocal than relationships between non-siblings. 
On the basis of this evidence, the concept of reciprocity is discussed as a useful framework for 
considering the patterns and quality of relationships between immature monkeys, as well as for 
mechanisms of their social development. The degree of reciprocity observed in immatures may 
have implications for the development of reciprocal exchange, observed in the behaviour of adult 
primates. . 
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1. INTRODUCTION 
Over the past three decades, more has become known about the behaviour of non-human 
primates than ever before. The complexity and diversity of primate social organization has 
been established as perhaps the most important feature that sets them apart from most other 
mammals. Members of primate species live in groups, and are able to form long-term social 
relationships with each other. Qualities and properties of relationships vary between animals 
who form them. The characteristics underlying such differences have been under 
investigation since extensive studies of primate social behaviour began (e.g. DeVore 1965; 
Jay 1968). 
Interactions and relationships influence, and are influenced by social structure (Hinde 
1976). In particular, types and dynamics of relationships are most likely to vary with the 
demographic composition of a primate group. There are no unitary explanations for primate 
grouping patterns, except for its evolutionary origins. In the course of evolution, a heritable 
variation, which makes an individual produce offspring more likely to survive than offspring 
of other individuals, is preserved through a process of the natural selection (Darwin 1859). 
Social structures have presumably evolved as specific ways of exploiting particular 
environments. Consequently, sociality in primates can be viewed as one of the prevalent 
means to reproduce successfully in the world which is not always favourable for a successful 
reproduction (Dunbar 1988). 
Primate groups vary considerably in social organization and size. Orangutans (Pongo 
pygmaeus), for example, lead mainly solitary lives (Rodman and Mitani 1987), and a number 
of species of pro simian primates (e.g. lorises and bushbabies) spend most of their lives alone 
or only with their offspring (Bearder 1987; Wrangham 1987). New World monkeys, like 
marmosets (Callitrix spp.), tamarins (Sanguinus' spp.) or saki (Pithecia spp.) are often 
monogamous (Goldizen 1987; Robinson et al. 1987). Large, multi-male and multi-female 
groups are characteristic of most Old World primate species, especially Cercopithecinae, 
which include mangabeys, guenons, baboons and macaques. However, all gibbon species 
(Hylobatidae) are monogamous (Leighton 1987); colobus monkeys (Colobus spp.), langurs 
(Presbytis spp.) and gorillas (Gorilla gorilla spp.) often live in small, one- or multi-male 
groups (Jay 1965; Harcourt and Stewart 1983; Struhsaker and Leland 1987), whereas 
chimpanzees (Pan troglodytes, P. paniscus) and some baboon species (Theropithecus 
gelada, Papio cynocephalus ursinus, P. leucophaeus, P. sphinx) form small, community-like 
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closely associated groups (Dunbar 1983a; Harcourt and Stewart 1983; Stammbach 1987; 
Nishida and Hiraiwa-Hasegawa 1987; White 1989). 
Not all aspects of social life are always advantageous. Animals living in close spatial 
proximity to each other can derive benefits from such association (e.g. smaller risk of 
predation, Cheney and Wrangham 1987; removal of parasites by grooming, Saunders 1987), 
but in situations where resources vital for successful reproduction are scarce, the animals 
have to compete for them with their close neighbours (Crook 1970). Thus, the same 
individuals may at times be friendly to each other, while fighting at other times. 
Consequently, successful reproduction invariably depends on the animal being able to 
coordinate its own behaviour with that of a number of other individuals in order to be able to 
benefit from associating with them in a group (Dunbar 1988). Living in harmony in a 
relatively permanent group of con specifics of both sexes and various ages may require very 
fine and carefully balanced social skills. It has been suggested that the intelligence of non-
human primates may be most highly developed in the social sphere (Chance and Mead 1953; 
Humphrey 1976; Cheney et al. 1986; Essock-Vi tale and Seyfarth 1987). Futhermore, 
primate ability to form relationships has been interpreted as a starting point in the evolution 
of human self-consciousness (Barkow 1983). Monkeys and apes can recognize not only 
individuals but also their position relative to others in the group hierarchy (Seyfarth 1981; 
Kummer 1982), called "dominance rank", or "rank". An experiment with long-tailed 
macaques (Macaca fascicularis) showed that they were capable of forming a "concept of 
affiliation" (Dasser 1988). Two adult females were able to match correctly slides of a mother 
with a slide of her offspring, and to distinguish real mother-offspring pairs from matched-in-
age pairs of unrelated animals. Recently, the evidence of primates' ability to use social 
knowledge in order to manipulate the behaviour of their group-mates, largely anecdotical so 
far, was collected together (Byme and Whiten 1988). Whiten and Byrne (1988) claim that it 
is the ability to use knowledge to solve problems which makes an individual intelligent, and 
not just possession of knowledge. Chimpanzees provide perhaps the most illustrative 
examples of innovation and social manipulation (van Lawick-Goodall 1971, Goodall 1986; 
de Waal 1982). However, monkeys are not inferior to apes: complex patterns of monkeys' 
alliances in contests (reviewed in Harcourt 1988) show clearly the number of different social 
variables which seem to be taken into account by animals which participate in such contests. 
In the same book, Seyfarth and Cheney (1988a) suggested that social knowledge is 
acquired gradually through experience on levels of increased complexity. The process starts 
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with recognizing individuals, then animals fonn associations among others, and eventually 
they fonn associations among associations, which enable them to recognize that although 
individuals involved may be different, some relationships share similar properties. Seyfarth 
and Cheney demonstrated that in vervet monkeys (Cercopithecus aethiops) a fight between 
two monkeys increased the probability that the relatives of the two would later be involved in 
a conflict, but this association occurred only for monkeys over 3 years of age. The process of 
acquisition and development of social competence possessed by adults of primate species is 
still very little known. It has to be assumed that this process takes place before an individual 
achieves full sexual maturity, that is, during its pre-reproductive life stage (Walters 1987). It 
is argued that a relatively long pre-reproductive period among primates (Clutton-Brock and 
Harvey 1980; Western and Ssemakula 1982) might be an evolutionary adaptation, connected 
with the dependence on learning in adult life. Long preparation for adulthood provides an 
opportunity to learn enough about the physical and social environment to be able to 
reproduce successfully (e.g. Poirier and Smith 1974; Blurton Jones 1983). Alternatively, 
because of relatively large neonatal brain size in primates (Harvey et al. 1987; Waiters 
1987), maturation is prolonged, and therefore there is more time for learning. From this 
point of view, not the length of the pre-reproductive period but the brain size is adaptive for 
coping with the complex environment. 
Since the development is shaped by a combination of genetic and social factors (Plomin 
1981), it is quite clear that behavioural skills acquired before maturity are essential for 
successful reproduction. Male rhesus monkeys (Macaca mulatta) reared under restricted 
conditions showed poorly integrated sexual behaviour (Mason 1960) and females reared 
without mothers neglected their first babies (Harlow et al. 1966; Harlow and Mears 1979). 
Even short-term separations from mother in early infancy can affect a monkey's social 
behaviour up to three years of age (Spencer-Booth and Hinde 1971; Hinde 1974). The first 
year of a monkey's life has been compared to a "sensitive phase" for the development of 
normal social attachment (Immelmann and Suomi 1981) which is also found in many other 
mammals. However, behavioural abnonnalities caused by deprivation of social contact, in 
the first months, can to a certain extent be reversed by providing such contact. For 
laboratory-born, isolated monkeys, who developed abnormal patterns of behaviour, the 
presence of a con specific can prove therapeutic (Harlow et al. 1971; Harlow and Suorni 
1971; Harlow and Mears 1979). Social factors are, therefore, undoubtedly crucial in normal 
development, in integrating motor patterns (like mounting in sexual behaviour) as well as in 
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integrating social skills for developing and maintenance of relationships. 
While it is relatively easier to relate reproductive parameters to adults, who are already 
capable of breeding, than to immatures, this difficulty should not deter us from studying the 
behaviour of immatures, whose reproductive success will partly depend on their acquisition 
of physical and social skills during maturation. Although the question how behaviours 
become to be performed in the way they do is only one of four types of questions which we 
may be seeking to answer (Tinbergen 1963), it is by no means an unimportant one. 
Moreover, the nature of the development can be fully unravelled only by studying 
immatures, and the links between immature and adult behaviour. However, in practice, all 
four fundamental questions about behaviour: about its development, its causation, its 
function and its evolution, are strongly interwoven. For example, Smuts (1985) has vividly 
described the elaborate social processes involving male and female baboons, as they form 
friendships and sexual consortships. Had these baboons been deprived of social practice in 
their immaturity, they might not have been so successful in forming these relationships, and, 
consequently, successful in mating. The skills in forming relationships in immature 
baboons, helpful in adult life, could have developed in the first place as skills for acquiring 
partners, for example for play. Thus in development the causation and proximate function of 
a behaviour can change (Bateson 1976) and its consequences can be relevant both to its 
immediate causation and to future reproductive success (Hinde 1975). 
Elements of almost all behaviours performed by adults can be seen in immature 
monkeys. It is likely, then, that immatures spend a considerable proportion of their time 
practising social behaviours in a progressively widening social milieu, which depends upon 
factors intrinsic to the monkey, like age or sex, and extrinsic, like the habitat or demography 
of its group. The first social partner of any primate is its mother, but soon after birth the 
social circle increases (Hinde and Spencer-Booth 1967; Altmann 1980; Hiraiwa 1981; 
Berman 1982a, b; Welker et al. 1987). Other females, especially adolescents, are usually 
attracted by new-born infants and seek contact with them and their mothers (reviewed in 
Nicolson 1987). It seems, however, that the first social partners apart from the mother, who 
are being sought by the infant itself, are other youngsters: same-age peers, slightly older 
siblings and non-siblings (Berman 1982b). It is during the active interactions with those 
partners, that a young primate has most opportunity of discovering by experience the rules of 
social life in its group. The mother's influence on a young monkey's development and 
acquisition of competence is undoubtedly great (e.g. Swartz and Rosenblum 1981). 
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However, the conflict of interests occurring at weaning time, between mother's future 
reproduction and the infant's current needs (Trivers 1974), results in her having less time for 
the infant and rejecting it if necessary (Hinde 1974; Simpson and Howe 1980; Simpson et al. 
1981). During this period of semi-independence (Altmann 1980) the infant begins to interact 
fully with other group members, and most of all, with other youngsters. It is necessary to 
recognize that the two types of social partners provide different (though overlapping, Hinde 
1974) contributions. Because of their vital function, mother-offspring relationships have 
been extensively studied throughout the last three decades by primatologists, both in 
captivity (e.g. Hansen 1966; Harlow et al. 1966; Hinde and Spencer-Booth 1971; Hinde and 
Simpson 1975; Hoo1ey 1983; Hoo1ey and Simpson 1983; Glick et al. 1986a; Simpson and 
Simpson 1986) and in the field (e.g. DeVore 1963; Jay 1963; Berman 1978; Lee 1981; 
Altmann 1980) and although our understanding of them is far from complete, they are part of 
a relatively exhaustive picture of early infancy. By comparison, our picture of the semi-
independent (late infancy) and juvenile period is still very incomplete. 
The importance of partners of similar age, or peers, is now fully recognized in studies of 
child development (e.g. Foot et al. 1980; Youniss 1980; Asher and Gottman 1981; Berndt 
and Ladd 1989) and has been reflected in the studies done by Harlow and his colleagues 
(reviewed in Suomi 1977; Harlow and Mears 1979) on the social development of rhesus 
monkeys reared in the "nuclear family apparatus". According to the theories formulated by 
Piaget (1965) and Sullivan (1953; both cited in Youniss 1980), children's relationships with 
adults and peers serve equally important, but distinct functions. Through interactions with 
peers, children learn "interpersonal sensitivity" on a more equal basis than they do in 
interactions with adults. Smith (1988) argued that children of three years and older may find 
peers easiest to interact with if they base their understanding of others on their knowledge of 
themselves. By using such direct reference, the opportunity for a development of mutual 
understanding is much greater than in interactions of unequal partners, like child and adult 
(Youniss 1980). There is also some evidence that children who interact little with other 
children may lack social competence, and be actively rejected by peers (Bonn 1987). 
Relationships involve a series of interactions in time between two individuals known to 
each other (Hinde 1976). Interactions in a relationship are dynamic and diverse, even though 
the relationship may be stable over a period of time (Hinde and Stevenson-Hinde 1976). 
Description of relationships ~ust be multidimensional in so far as it includes what the 
partners in a relationship do together, how and how often. In their different ways, Hinde as 
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well as Youniss emphasize the need for a description of relationships, where young 
individuals act as agents for each other (Youniss 1980), doing so in the context of 
relationships (Hinde 1976, 1979), in order to become socially competent. 
Studies of young monkeys have quite often concentrated on the behavioural 
characteristics of particular age-sex classes, and paid less attention to long-term relationships 
with partners (e.g. Wolfheim 1977; Young et al. 1982; Hayaki 1983; Bhan et al. 1984). The 
studies of youngsters' relationships with each other have often been confined to one 
behaviour only, most frequently play (e.g. Fady 1969; Fedigan 1972; Caine and Mitchell 
1979b; Singh 1986), with less reference to other behaviours. However, some researchers 
have successfully related monkeys' behavioural profiles to the development of social 
relationships between them. Colvin (1983a, b) and Colvin and Tissier's (1985) study of 
immature rhesus macaques were exemplary in trying to bring together various aspects of 
young monkeys' social experiences in understanding their relationships with each other. 
They distinguished three types of dyads among immature males: siblings, strongly affiliated 
peers, and weakly affiliated peers and examined affiliative and agonistic interactions among 
them. Sibling and strong peer dyads were characterized by more similarities than differences 
in the content, diversity and quality of their relationship, and these two types of dyads were 
different from weak peer dyads. The degree to which these relationships were reciprocal and 
complementary also differed among types of dyads. Colvin and Tissier concluded that the 
relationships in the above three types of dyads could be most strongly contrasted in terms of 
their degree of affiliation. Lee's (1987) multidimensional description and analysis of 
immature vervet monkeys' (Cercopithecus aethiops) relationships emphasized the contrast 
between siblings and non-siblings. In addition, a series of Cheney's articles on baboons 
(1977, 1978a, b), Ehardt and Bemstein's on rhesus macaques (1987; Bemstein and Ehardt 
1985b, 1986) and Glick et al. (1986b) on Japanese macaques (Macacafuscata) suggest that 
the following three aspects of immatures' relationships may be especially salient. 
First, because of the level of complexity involved in these relationships, we have to look 
at each behaviour in the context of other behaviours, and of the various kinds of relationships 
involving the immature under study. No single behaviour can elucidate complex processes 
of monkey's social development, neither can a description of just one type of relationship be 
sufficient in understanding the diversity of these processes. Second, it follows that 
relationships with kin, including immatures' strong relationships with close-in-age siblings, 
become important. However, these bonds are not equally evident in all behaviours (Colvin 
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and Tissier 1985; Lee 1987), including play, which may involve non-sibling partners even 
more often. This may be because matching strength in a partner is more or at least as 
important as kinship (e.g. Symons 1978). Colvin and Tissier (1985) also found that 
grooming between pairs of siblings and between pairs of strongly affiliated same-age partners 
did not differ. Moreover, aggression has been found to be both less frequent among siblings 
(Colvin and Tissier 1985; Lee 1987), and more frequent among siblings (Bernstein and 
Ehardt 1986, Glick et al. 1986; Waiters 1986) than among unrelated partners. In view of this 
evidence, therefore, comes the third feature: a necessity to relate behavioural patterns within 
a dyad to the quality of the long-term relationship of its members. Consequently, there is 
also a need to identify a mechanism through which immatures develop affiliative bonds with 
each other. 
In this study, drawing on the knowledge of social behaviour of immature primates 
outlined above, I attempt first to describe affiliative and agonistic relationships among 
immature rhesus monkeys, comparing siblings with non-siblings. Higher degrees of both 
affiliation and aggression are expected among sibling dyads. Secondly I use a concept of 
behavioural reciprocity (Hinde 1979) to evaluate the interactions and relationships of 
immature rhesus monkeys with their immature partners. The main questions of this study 
are, therefore, whether immature monkeys reciprocate social behaviours, and whether such a 
multidimensional concept as reciprocity (Hinde 1979; Ross et al. 1988), can help us to 
explain why the differentiation of social relationships among immature partners is not always 
sufficiently explained in terms of kinship. Further theoretical and empirical background of 
the concept of reciprocity is provided in Chapter 5. Finally, I will consider and discuss the 
usefulness of the concept of behavioural reciprocity as a pattern, quality and mechanism in 
the development of social relationships in immature rhesus macaques on the basis of the 
presented results. 
It is worth mentioning that members of the Cercopithecinae, especially baboons and 
macaques, are the most frequent objects of studies of social behaviour among monkeys. Of 
necessity, therefore, the greater part of the discussion in this thesis will refer to those species. 
However, findings about other monkey species and also about apes will be referred to where 
available and appropriate. 
7 
Chapter 1 
This thesis is organized as follows. 
Chapter 2 describes macaques generally and gives details about the colony of rhesus 
monkeys studied in this project, the behaviours recorded and the measures derived from 
them. 
Chapters 3 and 4 provide background for the description of relationships, dealing with what 
immature rhesus monkeys do with their siblings and non-siblings, and how often. In 
Chapter 3, affiliative behaviours are examined: play, grooming and proximity. In 
Chapter 4, agonistic interactions and dominance ranks between immatures are explored. 
Chapter 5 is a review of the current view of the concept of reciprocity in primate and human 
literature. As such, it provides the introduction to the following two chapters. 
Chapter 6 examines how interactions are patterned. Reciprocity of interactions and 
reciprocity in affiliation among partners are assessed and related to the kinship, age-
difference and sex-combination of dyads. 
Chapter 7 examines relationships in terms of three dimensions: reciprocity of agonistic help, 
reciprocity in more than one behaviour and reciprocity in exchange of different 
behaviours. 
Chapter 8 discusses how the reciprocity concept helps us to describe the patterns and 
qualities of immature social relationships, and to analyse the mechanisms involved in 
their development. . 
Chapter 9 provides the summary of results and general conclusions. 
8 
Chapter 2 
Materials and Methods 
9 
Chapter 2 
2. MATERIALS AND METHODS 
2.1 Macaques - Socio-ecoIogicaI Background 
Macaques are a genus belonging to family Cercopithecidae, and include twelve closely 
related species (Napier and Napier 1967). Their natural distribution covers most of the Asian 
continent, and North Africa; and they have been successfully introduced to Gibraltar 
(Macaca sylvana), Mauritius (M.fascicularis) and Cayo Santiago island (M. mulatta), where 
they live in free-ranging, but provisioned conditions. Macaques' habitat shows a wide 
variation, representing almost all major sUbtypes within the tropical biomes (Fooden 1980). 
Accordingly, they are partly terrestial, partly arboreal. They may use trees as sleeping sites, 
but they forage on the ground and are omnivorous (Napier and Napier 1967). Evolutionarily 
close to African baboons and mangabeys, macaques share broadly similar social organization 
with them (Napier and Napier 1969). 
The rhesus monkey (Macaca mulatta) has possibly the widest geographical range among 
macaques: from the Himalayas through India to Pakistan (Napier and Napier 1969). 
Depending on the characteristics of the habitat in which they live, rhesus monkeys' diet 
includes fruit, grass, ground herbs and insects (Melnick and Pearl 1987). The compound-
dwelling rhesus in India can supplement their diet by raiding human crops or by being fed 
directly by humans (Southwick et al. 1965). 
Rhesus monkeys are relatively easy to keep in captivity and the first reports of their use 
to experimental research comes as early as 1886 (Napier and Napier 1969). First interests in 
rhesus social behaviour started in 1930's when C. R. Carpenter established a colony on Cayo 
Santiago, an island off Puerto Rico, by importing more than 400 animals from India. Since 
then, rhesus monkeys' social organization and qehaviour has been studied in wild (e.g. 
Southwick et al. 1965; Lindburg 1971; Teas et al. 1980), in semi-wild, free-ranging but 
provisioned populations (e.g. Koford 1965; Sade 1965, 1967, 1972; Drickamer 1974, 1975; 
Berman 1978, 1980a, b, 1982a, b; Datta 1981, 1983a, b, c, 1988; Meikle and Vessey 1981; 
Colvin 1982, 1983a, b, c; Colvin and Tissier 1985), and in captive colonies, which tried to 
imitate natural settings (Hinde et al. 1964; llinde and Spencer-Booth 1967; Wilson and 
Boelkins 1970; Bernstein et al. 1974; Caine and Mitchell 1979b; de Waal and Yoshihara 
1983; de Waal and Luttrell 1986; Bernstein and Ehardt 1985a, b, c; Ehardt and Bernstein 
1986). A number of reviews and comparative studies discussing socio-ecology of 
Cercopithecinae, and of macaques in particular, has also contributed to our overall picture of 
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rhesus monkeys (e.g. Schulman and Chapais 1980; Wrangham 1980, 1987; Thierry 1986; 
Melnick and Pearl 1987). The following brief outline of rhesus' social organization is based 
on the above references. 
Rhesus monkeys, like other macaques and baboons, live in large, multi-male and multi-
female groups. Group size varies considerably, ranging between 11 and 90. Rhesus are 
seasonal breeders. They mate promiscuously and their sexual consortships are short-lasting, 
unlike in some other species. At the end of the gestation period which lasts about 160 days 
females usually give birth to one infant (twins occur, but rarely, e.g. Spencer-Booth 1968). 
The mean interbirth interval is 12 months for the provisioned populations, which means that 
weaning has to occur at around six months of age. Females reach sexual maturity at about 3 
years of age, males at about 4.5 - 5.5 years. The social position of juvenile males in the 
group becomes increasingly peripheral. Upon maturation, they emigrate from their natal 
groups and join neighbouring ones, often those to which their brothers emigrated before 
them. Females usually remain and form close relationships with maternal relatives, hence 
rhesus social organization evolves around mother-families or matrilines. Members of a 
matriline have a distinct social dominance rank in respect to each other. In one family, adult 
daughters usually rank in reverse age order. Before adulthood, however, younger siblings 
are dominated by older ones, and the process of rank reversal between siblings, occurring 
most frequently when the younger one matches the older in size and strength, is one of the 
most common features of rhesus social life. Clear-cut dominance hierarchies exist between 
individuals from different matrilines, as well as between families. Generally, the most 
subordinate members of the dominant family rank higher than the most dominant members 
of the subordinate family. Among immatures, however, relative age (and, therefore, size and 
strength), as well as sex, may influence dominance ranks. Nevertheless, there are reports 
suggesting that young rhesus successfully challenge older dominants coming from lower-
ranking families thus reinforcing the rank order between families. Ranks are relatively stable 
over considerable lengths of time, with daughters occupying similar rank as their mothers 
and relatives in general occupying adjacent ranks. The clearest behavioural indication of the 
relative rank between two rhesus monkeys is the "fear grin", in which one monkey silently 
bares its teeth, looking at the other. It has never been observed to occur in both direction 
within a dyad, over a period of time. The dominance hierarchy in a group of rhesus monkeys 
is very strictly observed and often reinforced with aggression unlike in some other macaque 
species (e.g. M. tonkeana). Ranks are acquired and maintained with the help of maternal 
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Figure 2.1 The schematic plan of the monkey house. OBS - observation rooms, Outdoor 
run -outside part of pen, Indoor run - inside part of pen. 
Chapter 2 
relatives which actively support each other in agonistic conflicts. Dominance status has been 
shown to influence reproductive success in rhesus monkeys, most likely through access to 
resources and harassment by others. It also has a marked influence on other social 
behaviours, like grooming among adults and play among immatures: young monkeys tend to 
play with offspring of females having ranks adjacent to those of their mothers'. The life-span 
of a rhesus monkey is about 20 years. Developmentally, one year in their life has been 
compared to four years of human life. 
2.2 Study Site 
The research for this thesis was carried out at the MRC Unit on the Development and 
Integration of Behaviour, at Cambridge University, in the u.K. The Unit is placed in 
Madingley, a village about 4 miles from Cambridge. The Unit accommodates a colony of 
rhesus macaques. Members of this colony, housing more than 60 monkeys of all ages, were 
subjects of this research. 
2.2.1 The colony housing 
Monkeys of the Madingley colony lived in 6 social groups. Each group had an outdoor 
wire mesh enclosure, leading into a smaller heated indoor room. The outdoor pens were 7.8 
m long, 2.5 m wide, and 2.2 m high at the indoor room end, rising to 3.9 m at the other end. 
The floor area of each outdoor pen was 18.2 m2. Due to the layout of the colony building 
("Monkey House", hereafter), two indoor rooms were slightly different in shape from the 4 
remaining ones (Fig. 2.1). The floor area of each type was about 5 m2. Each indoor room had 
, 4 resting shelves. There was a large wire mesh door between indoor room and the inside of 
the monkey house, which was always bolted and fastened except during cleaning times when 
monkeys were locked outside. Monkeys entered ,and left the two rooms through two flap 
doors: one door was at the floor level, available at all times except during cleaning, and one 
at about 1.5 m height, accessible from shelves, but available only exceptionally (e.g. during 
experiments and isolating procedures). Each of the two flap doors could be locked and 
opened from the observer rooms by pulling a steel slide door and locking it in place. During 
all my observations, the upper sliding door was locked, and the lower one opened, thus 
leaving only one way between the indoor and outdoor enclosures. The upper door led to a 
wire mesh tunnel, adjacent to the outdoor pen, and communicating with it by a trap door. In 
the first year of my study, this trap door was usually open, thus providing approximately 1.5 
m
2 
more of floor space. In the second year, it was usually closed. The outdoor pens were 
12 
Figure 2.2 The picture of an outdoor pen. Note the arrangement of beams and other 
objects. 
Table 2.1. The details about the two-month observation blocks. 
Dates Code 
in Tables 
Code 
in Figures 
No.ofobs. 
per individual 
No.ofobs. 
per dyad 
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equipped with a number of wooden as well as metal beams (Fig. 2.2), a concrete pipe of 
about 1.2 m diameter, a swing, a suspended vertical pole and a climbing frame. The 
monkeys could hear monkeys from all other pens, and see those in adjacent pens. 
maintenance work in or near the monkey house were avoided as much as possible. 
There were other projects going on in the Madingley colony during my study period and 
one other observer was quite often present in the observation room during my observations, 
usually watching the other group. Only two records were made contemporaneously with a 
second observer. 
All the 1987 born infants and their mothers were removed from their groups a day after 
the infant's birth, and the infant was measured and weighed while the mother was sedated 
with ketamine (0.1 rn1 per 1 kg body weight). At around three-month intervals, these infants 
and their mothers, usually with one-year older siblings if present, were removed for a day. 
The infant was sedated for approximately 20 minutes and measured, and returned to the 
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group only when both it and its mother were fully alert. 
2.3 Study Period 
The study was conducted over a period of 22 months from November 1986 until the end 
of September 1988. This period was divided into two seasons. Each season started at, or just 
before, the onset of the breeding season, and finished with the end of the birth season. Rhesus 
monkeys are seasonal breeders, with clear-cut mating and birth seasons (e.g. Anderson and 
Simpson 1979). For the purpose of my observations, the first season lasted from 18 
November 1986 until the 3 September 1987, and will be referred to thereafter as "season 
1986-87". The second one lasted from 4 September 1987 until 29 September 1988, and will 
be referred to as "season 1987-88" (see also Table 2.1). 
2.4 Monkeys 
2.4.1 Group composition 
Each pen usually had one adult male, 2-6 adult females and their sub-adult, juvenile and 
infant offspring, totalling between 6 and 18 animals in each pen. The focal subjects in this 
study were members of four out of the six groups. The exact compositions of these four pens 
are given in Fig. 2.3. 
At about 3-4 years of age males were removed from the colony. At about this age they 
begin to be harassed by the adult male; besides, in free-ranging groups adolescent rhesus 
males usually emigrate from their natal groups (Meikle and Vessey 1981; Colvin 1982). 
Every 3-4 years, adult males were replaced in order to avoid inbreeding. In three out of four 
groups I was studying, the male was established for at least a year before my study had 
begun and remained the same during both seasons., In the fourth (Pen 5), the change resulted 
in some dramatic short-term rank reversals (see below). 
2.4.2 Focal subjects and their families 
28 monkeys between 3 and 40 months of age were the focal subjects (Table 2.2). Out of 
the 28, 12 were studied throughout two seasons, 8 only in the first, and another 8 only in the 
second season. In each season I was watching a total of 20 focal monkeys. This discrepancy 
in the number of seasons each monkey was focal was the reason for analysing the data from 
each season separately. 
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1 
Erika 9'--------------
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Robin ~'--------, 
I Samuel d't Adrian cJt 
.1 
Fneda 9 
I 
Petra 9 Gabriel cJ 
Kerman 9 Vincent cJ 
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Wyatt cJ 
I Orson 0' 
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t Until August 1988 
born before 
1981 Jane 9 
I 
Figure 2.3 B Pen 3 
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1982 
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* 
I 
Eileen 9* 
I 
Vanji 9* 
DahielO' 
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In&id 9 
I Ursula 9 
Until October 1987 
t Until August 1988 
Ke1nneth 0'* 
I . 
CIive O'T 
Tehuila 9 
Lola 9 Balbina 9 
Pepe 0' 
Abraham 0' Roman 0' 
bom before 
1981 
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1983 
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1985 
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1987 
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Figure 2.3 C Pen 4 
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I Rapunzel ~ 
I Jomo cJ 
Flo1rian 0' 
1 Serge 0' 
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I 
Alicja 9 Ghengis 0' 
Figure 2.3 D Pen 5 
I Br i an cJ I (Until October 1987) 
IWilbur 0' I (From November 1987) 
PhyIIis 9 
soJhie 9-------
1 
Dexter cJ 
Lizzie 9 
I * Trevor 0' 
I 
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I . () Ram +'---------~ 
1 
Hamish 0' 
Monika 9 
I 
Audrey 9 Nina 9 Etna 9 Odile ~ 
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Figure 2.3 The family trees of monkeys in each of the pens studied. The monkeys whose 
names are underlined were the focal subjects. The adult female whose name is in bold print is 
the alpha female in a group. (A) Pen 2; (B) Pen 3; (C) Pen 4; (D) Pen 5. 
Table 2.2. The focal animals. 
Pen 2 Pen 3 
Mother Name Year of birth Sex Mother Name 
(focal seasons) (focal seasons) 
Josie *Samuel (1) 1984 M Jane oVanji (1) 
*Frieda (1-2) 1985 F oDaniel (1-2) 
*Petra (1-2) 1986 F tGretel (1-2) 
Erika *Beryl (1-2) 1985 F tlngrid (2) 
*Vincent (2) 1987 M Sangria oClive (1) 
Irene *Adrian (1) 1984 M oTequila (1-2) 
*Gabriel (1-2) 1986 M tPepe (2) 
*Hugo (2) 1987 M Yvette tBalbina (1-2) 
Yoko *Nadia (2) 1987 F 
No. of sibling dyads Season 1: 4 No. of sibling dyads 
Season 2: 3 
No. of non-sibling dyads Season 1: 11 No. of non-sibling dyads 
Season 2: 18 
Pen 4 PenS 
Mother Name Year of birth Sex Mother Name 
(focal seasons) (focal seasons) 
Camilla tTrudy (1) 1984 F Phyllis :j:Kala (1) 
tRapunzel (1-2) 1985 F :j:Hamish (1-2) 
oJomo (1-2) 1986 M :j:Monika (2) 
oFlorian (2) 1987 M Lizzie :j:Rani (1) 
Isabella tMary (1) 1984 F 
oOona (1-2) 1986 F 
Zoe oQuintana (2) 1987 F 
No. of sibling dyads Season 1: 4 No. of sibling dyads 
Season 2: 3 
No. of non-sibling dyads Season 1: 6 No. of non-sibling dyads 
Season 2: 7 
Total number of dyads 
Siblings: Season 1 13 
Season 2 11 
Non-siblings: Season 1 30 
Season 2 36 
* ,0, t ,:j: denote fathers: *' Leopold, 0 Boris, t Nigel, :j: Brian. 
Year of birth Sex 
1984 F 
1985 M 
1986 F 
1987 F 
1984 M 
1985 F 
1987 M 
1986 F 
Season 1: 4 
Season 2: 4 
Season 1: 11 
Season 2: 11 
Year of birth Sex 
1984 F 
1985 M 
1987 F 
1984 F 
Season 1: 1 
Season 2: 1 
Season 1: 2 
Season 2: 0 
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As explained in Chapter 1, this study has focussed on behaviour of immature monkeys. 
Therefore animals reaching or achieving sexual maturity were not included in the study 
sample. The age of sexual maturity of young rhesus varies slightly between captive and 
free-ranging conditions (Drickamer 1974; Melnick and Pearl 1987). In the Madingley 
colony, some females conceived as early as at about 2.5 years of age and gave birth to a live 
healthy infant at about 3 years of age. These occurrences, however, were not frequent and the 
median age of first conception leading to a live birth among young females born in the 
Madingley colony in years 1982-1984 was 3.5 years (N= 16). Males seem to mature later than 
females (Melnick and Pearl 1987) at about 4.5 - 5.5 years. The rule for choosing focal 
animals was to exclude all which had passed their third birthday in the summer preceding the 
observation season, but include those which were born in that summer. This resulted in the 
loss of 8 subjects after the first observation season (born in 1984) and the inclusion of 8 
infants born in 1987. None of the females was pregnant while being focal subject. 
All except one of the 12 mothers whose offspring were my subjects, were themselves 
born in the colony. The one born elsewhere (Jane) had been in the colony since 1981. All the 
mothers were present during all the observations made on their offspring and on any other 
immatures in the group. 
2.4.2.1 Age classification of subjects 
Modifying the criteria used by Bernstein and Ehardt (1987), the monkeys were classified 
as following: 
. Infants (IN) - until 1.5 years of age 
Young Juveniles (YJ) - between 1.5 and 2.5 years 
Old Juveniles (OJ) - between 2.5 and 3.5 years 
Sub-adults (SA) - between 3.5 and 4.5 years 
Adults - above 4.5 years. 
The abbreviations used to describe the individuals in the text are given in parentheses. 
Bernstein and Ehardt (1987) distinguished a class of "adolescents" for males between 
about 3.5 and 5.5, and pubertal and subadult females for 3.5 - 4.5 and 4.5 - 5.5 age ranges. 
This may be an appropriate classification, but since this dissertation is concerned almost 
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exclusively with the behaviour of animals until 3.5 years of age, such a distinction seemed 
unnecessary . 
2.4.2.2 Kin relations between subjects 
The family trees of each pen are in Fig. 2.3. It is clear that in most pens monkeys which 
would be classified as non-siblings (those which had different mothers), were related. In Pen 
2 and Pen 4 all animals were members of the same extended matriline. Also, monkeys born 
in the same year, and often in consecutive years would have the same father (Table 2.2). 
The dyads of immature monkeys were distinguished as siblings and non-siblings taking 
the identity of their mothers into account. Thus, maternal siblings (siblings, hereafter), were 
two monkeys which had the same mother. Maternal non-siblings (non-siblings, hereafter), 
were two monkeys which had different mothers. 
2.4.2.3 Classification of dyads 
The 20 subjects of the first season formed 13 sibling and 30 non-sibling dyads, the 20 
subjects of the second season formed 11 sibling and 36 non- sibling dyads. Most monkeys 
were members of more than one dyad. 
The following categories were used: 
Peers - non-siblings born in the same year. (Since no twin birth occurred during the present 
study, all "peers" were non-siblings) 
,Non-peers - non-siblings born in different years. 
Same-sex dyads - both members of the dyads were males or both were females. 
Mixed-sex dyads - male-female dyads. 
Specific age-combination dyads - Old Juvenile-Young Juvenile dyad (OJIYJ) Young 
Juvenile-Infant dyad (YJIIN), Old Juvenile-Infant (OJIIN), see above for individual 
classification rules. 
In the comparisons between various sex-combination dyads siblings and non-siblings were 
usually combined, because the sample of male dyads would otherwise be very small 
(between 0 and 3). However, all those analyses were also performed on each group (sibling 
and non-sibling) separately. The differences were usually very small and never contradicted 
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the results obtained when groups were combined. 
In comparing dyads of various age-combinations, the following procedure was used. 
First, dyads of the same age-combination but observed in different seasons were compared. If 
there were no statistically significant differences in the scores of a particular behaviour 
between seasons, they were combined for further analyses involving that behaviour. As, 
generally, these differences were not significant, the various age-combinations which 
included dyads from both seasons, were then compared with each other. 
2.4.2.4 Dominance hierarchies among adults 
The adult male was the most dominant monkey in each group. There was a relatively 
clear dominance hierarchy of adult females in each group. The ranks observed at the 
beginning of the study remained the same until the end with one brief exception. In October 
1987, a new adult male, Wilbur, was introduced to Pen 5. For a short period, a 3-year-old 
female, Rani (whose mother was low-ranking), was in consort with Wilbur and became 
dominant to the alpha-female in this Pen. The situation returned to the previous status quo 
when the alpha-female came into oestrus. 
In my study, I used the mother's relative rank to predict rank relations between 
immatures. Rank relations between mothers of focal subjects remained stable throughout the 
period of my study. In any comparisons between immatures coming from high-ranking 
families with these coming from low-ranking families, the mother's relative rank was taken 
into account. Immatures from "High-Ranking" families were defined as the offspring of the 
alpha female in a pen, and those from "Low-Ranking" families were defined as the offspring 
of females ranking third or lower in a pen. The offspring of the second-ranking females were 
omitted from such analyses. 
2.4.3 Non-focal immatures 
As is apparent from the Fig. 2.3, in some pens there were immature monkeys which were 
not focal subjects. Also, in the second season all but one of monkeys focal in the previous 
season (Vanji) were still present in the group. The data of focals' interactions with non-focal 
immatures will be included in some of the analyses of agonistic interactions. These dyads 
will be referred to as "non-focal dyads" (dyads in which only one monkey was focal). If no 
description of a dyad is used, it will always be a "focal dyad", i.e. one in which both 
monkeys were focal subjects in the particular season. 
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2.5 Observations 
Results presented in this thesis are based on 735 hours of focal observations. 
2.5.1 Observation periods 
Each season (see above) was divided into two-month data collection periods (see Table 
2.1). There were five of those in the first season, and six in the second. Each focal monkey 
was observed for fourteen IS-minutes observation sessions in each two-month block, except 
for the last one, when they were watched for 7 sessions each. 
2.5.2 Observation times 
All observations were collected between 9.45 a.m. and 5.15 p.m. The observation time 
was divided into three blocks: until 12 p.m., between 12 p.m. and 2 p.m. and between 2 p.m. 
and 5.30 p.m. Each monkey was observed for at least two sessions in each of the three 
blocks, and not more than twice in the same time period (e.g. 10.15-10.30), during each 
two-month block. The only existing bias towards the majority of observations being done in 
the first two blocks was during winter, when short daylength limited visibility in the 
afternoon time-block. 
2.5.3 Data collection methods 
Individuals were sampled on a focal-animal basis (Altmann 1974). In each season, each 
focal monkey was a subject of the same amount of focal observation time. 
The data were collected on check-sheets, which I designed prior to the beginning of data 
collection and tested during a month of a preliminary data collection. The design was based 
on existing indications for the collection of behavioural data (Hinde 1973; Martin and 
Bateson 1986). The check-sheet (see Appendix A) was horizontally divided into rows 
corresponding to 30 seconds of observation time, and vertically into columns corresponding 
to various behaviours (see below). 
The sequence of animals to be watched was based on random numbers and determined 
for each two-month block before it started. During the course of each two-month block this 
was adjusted in the following way: if the monkey to be watched was not available (asleep), 
the next one on the list from that pen was observed, and the missed one was observed either 
as soon as it woke up, or the following day; if the monkey to be watched had already been 
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observed in precisely the same time interval, the next one was observed, and the missed one 
was returned to as soon as the time interval was suitable. 
If a monkey was asleep before the record started, it was judged to be unavailable, and 
was not observed until fully awake. If a monkey fell asleep during the first 5 minutes of 
observation, the observation was stopped and the data discarded. If it fell asleep after more 
than 5 minutes, the record was continued. Also, a record was not started if the infant was on 
the nipple. However, if it took mother's nipple as soon as the record started and retained the 
nipple but did not fall asleep during the first 5 minutes, the record was continued. 
Before the beginning of each focal sample, a time was recorded, and then the stopwatch 
and a beeper (see Martin and Bateson 1986) which was used to determine 30 seconds 
intervals, were started. The stopwatch was used to determine durations of certain behaviours 
(see below). 
Apart from focal observations, some behaviours were also recorded ad libitum. Out of 
the ad libitum records only data about agonistic interactions are considered in this thesis. 
2.6 Behaviours Recorded and Their Definitions 
Below are the definitions of all behaviours which were recorded on the check-sheets. 
These definitions were largely based on the following sources: Sade 1967; White 1977 and 
definitions used in Madingley for routine pen-data. 
The behaviours which appear in bold print are described in greater detail in this study. 
After each definition, the sampling method for the behaviour is given in brackets. Three 
sampling methods were used (Simpson and Simpson 1977; Martin and Bateson 1986). First, 
continuous (each occurrence) sampling, for behaviours occurring in discrete units (like 
approaching or leaving) or having distinct beginnings and ends (like grooming). Second, 
scan or instantaneous sampling, for behavioural states (like proximity). Third, one-zero 
sampling was used to record a number of non-social behaviours as well as some social 
behaviours which rarely occurred (like ventro-ventral contact with another young monkey) or 
which were not the focus of this study (like suckling). Because play initiation and 
termination is not always very clear (see White 1977), a combination of continuous and one-
zero sampling was used, described in section 2.6.3 of this Chapter. 
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2.6.1 Social behaviours 
The identity of the partner (or partners) with whom the focal monkey engaged in each 
social behaviour was always recorded. 
Approach - monkey A moves towards monkey B to within 0.6 m and stays there for at least 
2 sec. (sampling: each occurrence). 
Avoid - monkey A moves away from B to at least 0.3 m distance when B approaches A or 
when B makes a sudden movement, not necessarily threatening (each 
occurrence). 
Follow - monkey A tries to decrease or maintain a distance from monkey B who moves away 
from A (each occurrence). 
Leave - monkey A moves away from a distance of 0.6 m within monkey B (each 
occurrence) . 
Within arm's reach - monkey A is within 0.6 m from B, without their bodies being in 
physical contact (scan every 30 seconds). 
In contact - monkey A is in physical body contact with any part of monkey B's body (scan 
every 30 seconds). 
Close proximity - combination of the previous two categories: monkey A within 0.6 m 
distance from B, regardless whether they are in contact or not (sum of scans of 
"within arm's reach" and "in contact"). 
In wide proximity - monkey A is within 2 m from monkey B, regardless of body contact 
(scan every 5 minutes). 
Makes contact - monkey A touches monkey B and stays in contact for more than 2 seconds 
(each occurrence). 
Groom - monkey A lifts and brushes through the hair of B (each occurrence, see also section 
2.6.3 of this Chapter). 
Play - any of the following activities: chase, wrestle, holding down, mouthing, grabbing, if it 
occurred in a non-agonistic context and only if one or both monkeys involved 
showed the open-mouth play face (see White 1977; Cheney 1978b); (each 
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occurrence, see also 2.6.3 of this Chapter). 
Play initiation - monkey A approaches B in a playful manner, usually with a play face, as 
when, for example: A runs to B, slaps at B and runs away, stopping to see 
whether B follows; A approaches and starts wrestling with B; A presents to B 
(see below) while peering through the legs at B; A jumps at B from above; A 
looks intently at B and runs away when B looks at A; (sampling: each 
occurrence). The play initiations can be expressed in numerous and subtle ways 
(see White 1977) and any or any combinations of the above examples was used 
to determine the identity of the initiator. However, a play initiation was recorded 
only when I was reasonably sure that I had noticed correctly who did it. Thus, 
the play initiations observed may have been biased towards monkeys who did 
them in a more obvious manner. 
Unreciprocated play initiation - an obvious play initiation by monkey A to monkey B, 
ignored, avoided or responded in a non-playful manner by monkey B (each 
occurrence) . 
Present - monkey A orients its hindquarters towards B, with its tail up (each occurrence). 
Mount - monkey A stands with at least its front legs on B, or A stands on its rear legs only 
with front ones on B's sides, with or without thrusting (each occurrence). 
Aggression - aggressive: monkey A attacks, threatens, hits, grabs, chases, displaces monkey 
B; or submissive: monkey A avoids, fear grins (bare teeth display, see de Waal 
and Luttrell 1985), screams, jerks at monkey B (each occurrence, see also 
section 2.6.3 of this Chapter). 
On nipple - a monkey is on its mother's nipple (one-zero sampling within each 30 sec. 
interval). 
Ventro-ventral - monkey A is in contact with monkey B, so that their bellies are in close 
contact and their faces are facing each other (one-zero sampling within each 30 
sec. interval). 
Arms round - monkey A is in contact with B and has one or both of its arms round B' s body 
(one-zero sampling within each 30 sec. interval). 
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2.6.2 Non-social behaviours 
The following behaviours, which a monkey would perform by itself were recorded, all 
using one-zero sampling within each 30 seconds interval. 
Feeding - a monkey actively takes pieces of food and puts them in mouth, or has cheek 
pouches full of food. 
Chewing - in its usual sense, recorded also in a non-feeding context, when a monkey picks 
up smallleft-overs from pellets, leaves, pieces of grass, wooden beams etc. , puts 
them in mouth and makes chewing movements with its jaw. 
Picking - a monkey lifts small objects from any surface in the pen, usually subsequently 
putting them in mouth. 
Manipulate - a monkey handles and fiddles an object (food pellet, stone, wire, beam, chain, 
etc.). 
Self-grooming - a monkey cleans parts of its own body (as above for "Groom", only self-
directed). 
Drinking - a monkey drinks water - from the water dispenser or a puddle. 
Jumping, Leaping, Leaping in air, Galloping - common usage. 
Solitary - a monkey was recorded as being solitary if it did not come within 2 m of any other 
monkey during the whole 30 sec. interval. 
In addition, any change of position was recorded, i.e. if a monkey went indoors, or 
outdoors, or went from one place to another (e.g. floor ---7 high beams, top shelf ---7 window 
shelf, etc.). Also monitored were the movements of the focal monkey's mother between 
indoors and outdoors. 
2.6.3 Additional information about sampling of play, grooming and aggression 
Play 
As mentioned above, each IS-minute record was divided into 30 half-minute intervals. 
Whenever a focal monkey was observed to start play the following were recorded: the 
beginning of play in either the first or the second half of the 30 sec. interval, the identity of 
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play partner, the identity of the one who initiated. Every 30 seconds until the end of the 
record it was noted whether the play was being continued. A new play bout was recorded if 
there was a pause of 5 or more sec. The end of the play was recorded as occurring within the 
first or the second half of the 30 second interval. Often it was necessary to wait for a while 
before it was clear that play finished, therefore an attempt to time play accurately would have 
been inappropriate (see White 1977). Thus, one-zero sampling for the termination of play 
was employed and used to estimate the time when a play bout ended. 
Based on these records the duration of play was calculated as follows: if the beginning of 
play was recorded in the first half of a 30 sec. period, it was assumed to start at the beginning 
of that period, otherwise it was assumed to start in the middle (15 sec. after the beginning of 
the period). Similarly, if the end of play was recorded in the first half of a 30 ,sec. period, it 
was assumed to finish 15 sec. after the beginning of that period, otherwise it was assumed to 
last until the end of that period. If a play occurred, but lasted about 15 sec. or less it was 
recorded as "short" and always considered for calculations as lasting 15 sec. 
Grooming 
Whenever a focal monkey was observed to start groom or being groomed by any other 
group member, the exact time of the beginning and end of the grooming bout was recorded. 
Grooming solicitations and the individual that was responsible for the end of grooming, if 
one of the partners clearly terminated the bout, were recorded. End of grooming was 
assumed to take place if either the groomer or the groomee left each other, or the grooming 
was interrupted for more than 5 sec. and the groomer shifted its attention from grooming to 
anything else, e.g. threatening a third monkey, grooming other monkey, fetching food, etc. 
However, if the groomer paused in grooming for less than 10 sec., but kept its hands in a 
"grooming position" and then resumed grooming, the bout was not considered to be 
interrupted. 
Aggression 
For each agonistic interaction involving a focal monkey, the kinds of agonistic behaviour 
by the focal individual and its partner or partners, and their identities, were recorded. If 
known, the context and/or the reason for the conflict, as well as the names of monkeys who 
joined in, were recorded. If 15 sec. or more elapsed between agonistic episodes, they were 
scored as two interactions. 
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Agonistic interactions were post hoc divided into Strong Aggression, Mild Aggression 
and Reciprocal Aggression using the following definitions: 
Strong Aggression (SA) - any of the behaviours defined previously as "aggressive" 
accompanied by bite and/or followed by an evasive action by the target monkey, 
Mild Aggression (MA) - any of aggressive or submissive behaviours without body contact 
and/or lacking a response from the target monkey, 
Reciprocal Aggression (RA) - any kind of aggressive behaviour to which the target monkey 
responded with aggression. 
In ad libitum recordings of agonistic interactions the identity of monkeys involved, any 
third parties and kind of aggression were always recorded. If known, the context was also 
recorded, but quite often it was not possible. The only possible bias which could occur in this 
case would be towards "noisy" aggression, because it is more conspicuous. However, I did 
not find that either aggression accompanied by screaming or more strong aggression (as the 
more serious and perhaps more conspicuous kind) formed a higher proportion of total 
aggression in ad libitum than in focal sampling. 
2.7 Derived Measures and Statistics 
Two general methods were used to analyse data collected in this project. First, the dyads 
were treated as units (Colvin and Tissier 1985; Lee 1987). The data about a dyad were 
pooled from focal observations of both members of the dyad. In the second way, individuals 
were treated as units. 
Separate measures used only to illustrate specific points will be explained in greater 
detail in appropriate chapters. The following measures are described here in detail: time 
spent on play, grooming or in proximity, aggression rates, total aggression - section 2.7.1, 
interaction reciprocity indices - 2.7.2; dominance hierarchies - 2.7.3.1; partner hierarchies -
2.7.3.2. All the measures described below were calculated for each dyad. 
2.7.1 Time spent, rates and proportions 
The measures described as "time spent" were expressed as percentages of observation 
time both members of a dyad spent on the activity in question (play or grooming). For 
proximity measures, where scan sampling rather than continuous sampling was used, the 
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measure was the percentage of scan points a dyad was found in proximity. 
To express aggression, a rate of agonistic interactions per 1 hour of observation was used 
(called "rate of aggression"). For a dyad, it was a number of agonistic interactions recorded 
while one or the other member of the dyad was a focal animal (regardless of who was the 
aggressor), divided by the total number of hours the dyad was under focal observation. For 
an individual, it was a number of agonistic interactions with any other immature partner this 
individual was involved in, divided by the number of hours it was under focal observations. 
A further rate of "aggression given" and "aggression received" was obtained by separating 
the two kinds of incidents. The rate of aggression given, added to the rate of aggression 
received always yielded the rate which is referred to as the "rate of aggression". The sum of 
all agonistic encounters involving a particular individual which were recorded, both during 
focal and ad libitum sampling, is called "total aggression". 
On the basis of the total aggression scores the following measures were calculated: 
-- proportions of aggression given and received; 
- proportions of Strong, Mild and Reciprocal Aggression given from all aggression given; 
- proportions of Strong, Mild, Reciprocal received from all aggression received. 
In comparisons between siblings and non-siblings, the above proportions (or percentages) 
were weighted by the number of immature siblings or non-siblings available (see Chapter 4, 
section 4.2). 
2.7.2 Interaction Reciprocity indices 
For play, grooming and proximity interaction reciprocity (IR) indices were calculated. 
All reciprocity indices had a range between 0 (when only one individual in a dyad was 
responsible for all play, grooming or proximity maintenance) and 1 (when they were both 
equally responsible). 
The indices were calculated as follows. 
Play: A ratio I A/lB was calculated, where I A was the number of play initiations by the 
partner in the dyad that initiated least often, and IB was the number of initiations by 
the other member of the dyad. 
25 
Table 2.3 The lowest limits for each behaviour. Dyads which interacted less than indicated were 
omitted from reciprocity analyses. 
Behaviour Season 1986-87 Season 1987-88 
Play 10 11 (No. of initiations) 
Grooming 50 55 (No. of seconds) 
Proximity 145 160 (No. of scans) 
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Grooming: A ratio T Aff B was calculated, where TA was the grooming time by the member 
which groomed least, and TB was the grooming time by the other member of the 
dyad. 
Proximity maintenance: A responsibility for proximity maintenance of each dyad member 
was calculated (RA and RB), using the following formulae: 
For individual A: 
RA = Approach by N(Approach by A + by B) - Leave by NCLeave by A + by B) 
For individual B: 
RB = Approach by B/(Approach by A + by B) - Leave by B/(Leave byA + by B) 
Since RA = -RB, (Hinde and Atkinson 1970) the responsibility with a positive 
value was chosen and the reciprocity index 1 - R (where ~O) was calculated for 
each dyad. In this way, the reciprocity of proximity maintenance also ranged from 0 
in dyads where there was no reciprocity, to 1 in dyads which were perfectly 
reciprocal. 
The above formulae were used to calculate indices within each two-month block. 
Additionally, IR indices were calculated for each of the seasons as a whole, as means from 
all two-month blocks within that season in which a given behaviour occurred within a dyad. 
This way, rather than calculating a ratio of sums for the whole season was chosen, since a 
mean reflected better what two individuals were doing over the period than a sum. For 
example, a hypothetical situation may have happened whereby monkey A groomed monkey 
B for a 100 seconds in the first two-month block, then there was no grooming in that dyad at 
all, and in the last two-month block in the season monkey B groomed A for 100 seconds. An 
index calculated from a sum would be 100/100=1, and would wrongly indicate perfect 
reciprocity in this dyad. The mean, however, would be (0+Q;2=0, reflecting a complete lack of 
reciprocity which indeed was the case. 
Low numbers of interactions can lead to biased scores, because then the ratios can vary 
very much with very small changes in the numbers (e.g. if only 4 interactions were observed, 
the ratio could be either 1=2/2, or 0.33=1/3, or even 0=0/4) Accordingly, the lowest limits of 
Scores were set for each behaviour (Table 2.3). A dyad which fell below the limits was 
omitted from a reciprocity analysis of that behaviour. 
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Figure 2.4 Distribution of the values of play Interaction Reciprocity CIR) index, Siblings and 
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Discussion of reciprocity measures 
In this study, the Interaction Reciprocity was considered as a quality characterizing a 
dyad. As such, the relative contributions of dyad members were taken into account while a 
measure of interaction reciprocity was sought. The measure used describes the relative 
behaviours of two monkeys, and thus could be compared across dyads. The only drawback of 
the method used here was to lose the information which of the two partners was more 
responsible for some behaviour than the other: for example, if a play IR for a dyad was 0.5, 
that meant that one dyad member did twice as many initiations as the other, but the index 
would not tell which one it was. In calculating the index, the decision which individual's 
score is divided by the other was taken after establishing the scores and finding out whose 
score was smaller. The only method of calculating such indices without losing that 
information, would be to decide beforehand whose score (of which category of individuals) 
is always going to be in the denominator of the fraction. It is possible and straightforward 
only if a homogeneous sample of dyads is studied, e.g. mother-infant (Hinde and Atkinson 
1970; Nishida 1988), dominant-subordinate (Colvin and Tissier 1985), male-female, older-
younger sibling etc. In my study all possible dyads were considered, and a categorization of 
one subset (e.g. distinction of older sibling and younger sibling in sibling dyads) would not 
be applicable to the other subset (there were same-age non-siblings, and thus division by age 
would be impossible). Therefore, the compromise was to choose always the smaller value 
and divide it by the larger one, regardless of the identities of the partners. 
The theoretical distribution of each index varied between 0, when one monkey was 
responsible for all interactions in particular behaviour, and 1, when both monkeys were 
equally responsible. The distribution of values of IR indices in each behaviour, obtained in 
this study, are shown in Fig. 2.4, 2.5 and 2.6. 
The indices could have been biased in two ways. First, the higher the difference between 
the contributions of the two members of a dyad, the lower the ratio, and thus the index. Bias 
due to small values giving high ratios has been avoided by discarding dyads which interacted 
infrequently. The second bias could have been due to individual characteristics of the 
monkeys. For example, if a monkey was a generous groomer, and groomed its partners a lot, 
the grooming reciprocity index of all dyads with this monkey would be low. In the approach 
I have taken it was impossible to avoid such bias. 
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2.7.3 Hierarchies: dominance and partner reciprocity 
There were two types of hierarchies constructed in this study. First, dominance 
hierarchies were constructed on the basis of agonistic interactions between monkeys. Second, 
hierarchies of partners with whom monkeys interacted in affiliative interactions, were 
constructed on the basis of the relative total amounts of time a monkey spent on play, 
grooming and in proximity with available partners. These hierarchies were used to 
determine a partner reciprocity (section 2.7.3.2 below). 
2.7.3.1 Dominance hierarchies and assessment of rank 
The dominance hierarchies for immatures in each pen and each season were constructed, 
taking into consideration all the agonistic interactions in which immatures were involved 
with each other (see Fig. 4.6-4.9, Chapter 4). In some studies only specific behaviours were 
used to establish dominance ranks between individuals, e.g. supplanting (Lee 1987; Johnson 
1989), or fear grins (de Waal and Luttrell 1985). In my study supplants occurred in both 
directions and were less indicative of the relative status of the two monkeys than some other 
fonns of aggressive behaviour. Immatures gave fear grins to each other relatively rarely, but 
if they did, the fear grins were always classified as Strong Aggression, which was the best 
indication of the relative rank in a dyad. In several cases the hierarchies based on the total 
amounts of aggression yielded non-linear results. Therefore, the following rules were used 
to assess dominance status between two individuals. First, the relative amount of agonistic 
interaction directed by monkeys toward each other was taken into account: if monkey A was 
clearly dominant in more than 2/3 of the interactions between the two, it was considered 
dominant. Second, if the above assessment was impossible, the strong agonistic interactions 
by each monkey were considered: if the totals of all interactions were similar, but in monkey 
A's aggression there was more of "Strong Aggression" than in monkey B's, A was 
considered dominant. For example: there were 19 agonistic interactions between Adrian and 
Frieda in the season 1986-87: in 10 of them Adrian was dominant, in 9 Frieda, so there was 
no clear majority for Adrian. However, 6 of interactions in which Adrian was dominant were 
strong aggression, but only 2 of Frieda's were strong. Thus, Adrian was assumed to be 
dominant to Frieda in this season. If the first two steps did not yield a clear result, the dyad 
was classified as one with an uncertain dominance rank. At this stage, the dominance rank of 
the mother was not taken into account. It was considered later, when the predictions about 
the direction of dominance within a dyad were made (see Chapter 4). No focal dyad, but two 
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non-focal ones were omitted from analyses, because of less than 4 agonistic interactions over 
a season. 
2.7.3.2 Hierarchies of partners and partner reciprocity 
Within each two-month block and for each focal monkey an order of play, grooming 
(only "grooming given" was taken into account, as "grooming received" reflected other 
monkeys' behaviour) and proximity durations with all possible immature partners were 
created using the appropriate measures for each behaviour. The most frequent partner was 
assumed to be the one with whom the measure was highest of all possible partners. Then, the 
average rank of all two-month blocks within a season was calculated and on its basis an 
overall hierarchy of partners was constructed. The averaged ranks, rather than averaged 
scores, were used to reflect the relative frequencies of interactions with each partner as 
compared with other partners. 
The overall hierarchies of partners were used to determine partner reciprocity. The top 
partners were defined as the two most frequent partners in groups where there were five or 
less immatures (Pen 4 and Pen 5), and as the three most frequent partners in groups where 
there were six or more immatures available (Pen 2 and Pen 3). Two members of a dyad were 
said to be reciprocal partners if they were within each other's top partners. 
2.7.4 Statistics 
2.7.4.1 The structure of the data 
The data on social behaviours collected in this study consisted of series of incidents of a 
particular type (e.g. play, grooming, proximity etc.), occurring between a focal monkey and 
another immature. Such incidents are commonly referred to as interactions. It is now 
recognized that interactions have properties resulting from a particular combination of 
participants, and as such these properties are not present in the behaviour of each participant 
alone (Hinde 1976, 1979). Therefore, the data were largely analysed taking dyads as units of 
analyses. This had the advantage of preserving the idiosyncratic characteristics of behaviour 
with specific partners. The basic structure of the dyadic data in this study consisted of a 
number of data points (interactions of each dyad), of at least two categories (Le. siblings and 
non-siblings), in several time points (consecutive two-month blocks). These two-month 
blocks were grouped into two separate seasons (1986-87 and 1987-88, see Table 2.1). The 
seasons had to be separate because some dyads were observed only in one season, but some 
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were observed in both, and thus would have contributed twice to pooled scores. 
When Interaction Reciprocity indices were calculated in two-month blocks (as described 
in section 2.7.2), only dyads which performed a particular behaviour in that block were 
considered. Consequently, data from different dyads could have been included in different 
months and usually not all of them contributed to data on the behaviour in question. Thus, 
for IR indices, the sample sizes in consecutive two-month blocks were unequal. 
2.7.4.2 Statistical methods 
The longitudinal data collected in this study could be appropriately analysed with 
analysis of variance with repeated measures (Win er 1962; Sokal and Rohlf 1981). Analysis 
of variance with repeated measures tackles the problem of data dependence which is inherent 
for any longitudinal design in which the same subjects are studied at more than one point in 
time. Such an analysis eliminates from the experimental error the variability due to 
differences in the average responsiveness of the subject, increasing the sensitivity of the 
analysis. However, in order to perform the analysis of variance with repeated measures, 
assumptions of normality of distribution, homogeneity of variance and additivity, must also 
be met. The problem with normal distribution can be solved by various types of data 
transformations (Sokal and Rohlf 1981; Zar 1984). If the appropriate transformations do not 
result in normal distribution of transformed data, the analogous non-parametric statistical 
methods are usually recommended (Sokal and Rohlf 1981). However, there is no suitable 
non-parametric equivalent of the repeated measures two-way anova available which is 
appropriate for the analysis of my data (Siegel1956; Winer 1962; Sokal and Rohlf 1981). 
There are, however, a number of approaches to deal with such problems. The first is to 
apply two-sample non-parametric tests to each ti~e-point (e.g. two-month block in the case 
of my data), thus removing the time source of variance (e.g. Colvin 1982; Colvin and Tissier 
1985). A second way is to pool the data from all time-points (over the whole study or over a 
season) and analyse them with non-parametric two-sample tests as above (e.g. Lee 1987). 
The third approach used by primatologists does not use any statistical test on such 
longitudinal data and only presents them as graphs (e.g. Colvin 1982; Nishida 1988). 
Finally, the least recommended approach is to ignore lack of normality and use parametric 
statistics (e.g. Kurland 1977). 
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Figure 2.7 Distribution of scores of time spent playing, Siblings and Non-siblings 
combined. CA) Season 1986-87; CB) Season 1987-88. 
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Figure 2.9 Distribution of scores of time spent in proximity, Siblings and Non-siblings 
combined. (A) Season 1986-87; (B) Season 1987-88. 
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In my study the measures of play, grooming, proximity and aggression, and Interaction 
Reciprocity indices were not normally distributed (Fig. 2.4 to 2.10). Transformation of the 
data from each season separately did not result in normality of data sets. Therefore, the 
following non-parametric tests were used for the analyses of behaviour and indices in each 
season separately: Mann-Whitney V-test for comparisons between two groups (e.g. siblings 
and non-siblings), Wilcoxon matched-pair signed-rank test for comparisons between 
matched pairs (e.g. the same individual's behaviour towards a sibling and towards a peer), 
chi-square and Fisher tests (with Yates' correction, where appropriate), Kruskal-Wallis one-
way analysis of variance (Siegel 1956; Siegel and Castellan 1988). Other non-parametric 
tests will be mentioned in relevant chapters. 
In two-sample tests (Mann-Whitney V), when sample size of the larger of the compared 
groups was more than 20, it is appropriate to use the normal approximation (ZY rather than V 
(Siegel 1956). This rule was followed, as it has the advantage of correcting for ties (which 
did occur) as well. However, when a number of similar comparisons was made and sample 
sizes were smaller than 20 in some of them but larger than 20 in others, the normal 
approximation, additionally corrected for ties , was used for all of them (time spent playing, 
grooming, time in proximity, aggression rate, play Interaction Reciprocity, grooming IR, 
proximity IR). 
The only data which could be meaningfully pooled from two seasons were the measures 
of behaviour in specific age-combination dyads (see section 2.4.2.3 for classification). This 
procedure was justified because a dyad consisting of an Infant and Young Juvenile in the first 
season, would be classified as Young Juvenile-Old Juvenile dyad the following year, that is 
in the second season. Thus, no dyad would contribute more than one score to the measures of 
behaviour of a specific age-combination group when they are combined from both seasons. 
There were no statistically significant differences between the scores of specific age-
combination dyads from two seasons (see section 2.4.2.3, and Chapter 4, Table 4.2; Mann-
Whitney V test). Square root transformation of such pooled data resulted in a distribution 
which was not significantly different from normal at a=0.OO1 in each of four behaviours 
(time spent playing, grooming, in proximity and aggression rate; Kolmogorov-Smirnov test 
of goodness of fit, Siegel 1956). These four sets of data, which included longitudinal 
comparisons of time spent playing, grooming, in proximity and aggression rate between 
different age-combination dyads, were the only ories for which a parametric statistical test 
(two-way analysis of variance with repeated measures) was applied. 
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Figure 2.10 Distribution of aggression rates, Siblings and Non-siblings combined. (A) 
Season 1986-87; (B) Season 1987-88. 
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In my study the measures of play, grooming, proximity and aggression, and Interaction 
Reciprocity indices were not normally distributed (Fig. 2.4 to 2.10). Transformation of the 
data from each season separately did not result in normality of data sets. Therefore, the 
following non-parametric tests were used for the analyses of behaviour and indices in each 
season separately: Mann-Whitney V-test for comparisons between two groups (e.g. siblings 
and non-siblings), Wilcoxon matched-pair signed-rank: test for comparisons between 
matched pairs (e.g. the same individual's behaviour towards a sibling and towards a peer), 
chi-square and Fisher tests (with Yates' correction, where appropriate), Kruskal-Wallis one-
way analysis of variance (Siegel 1956; Siegel and Castellan ' 1988). Other non-parametric 
tests will be mentioned in relevant chapters. 
In two-sample tests (Mann-Whitney V), when sample size of the larger of the compared 
groups was more than 20, it is appropriate to use the normal approximation (Z) rather than V 
(Siegel 1956). This rule was followed, as it has the advantage of correcting for ties (which 
did occur) as well. However, when a number of similar comparisons was made and sample 
sizes were smaller than 20 in some of them but larger than 20 in others, the normal 
approximation, additionally corrected for ties, was used for all of them (time spent playing, 
grooming, time in proximity, aggression rate, play Interaction Reciprocity, grooming JR, 
proximity IR). 
The only data which could be meaningfully pooled from two seasons were the measures 
of behaviour in specific age-combination dyads (see section 2.4.2.3 for classification). This 
procedure was justified because a dyad consisting of an Infant and Young Juvenile in the first 
season, would be classified as Young Juvenile-Old Juvenile dyad the following year, that is 
in the second season. Thus, no dyad would contribute more than one score to the measures of 
behaviour of a specific age-combination group when they are combined from both seasons. , 
There were no statistically significant differences between the scores of specific age-
combination dyads from two seasons (see section 2.4.2.3, and Chapter 4, Table 4.2; Mann-
Whitney V test). Square root transformation of such pooled data resulted in a distribution 
which was not significantly different from normal at a=O.OOl in each of four behaviours 
(time spent playing, grooming, in proximity and aggression rate; Kolmogorov-Smirnov test 
of goodness of fit, Siegel 1956). These four sets of data, which included longitudinal 
comparisons of time spent playing, grooming, in proximity and aggression rate between 
different age-combination dyads, were the only ories for which a parametric statistical test 
(two-way analysis of variance with repeated measures) was applied. 
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In most cases, the two-tailed probabilities of statistical tests were given. However, in 
cases where the direction of the difference could have been predicted prior to the test one-tail 
probabilities were used. Where dyads were units of analysis, results significant at a=O.Ol 
were assumed to allow for a rejection of null hypothesis, whereas those significant at a=O.05 
were assumed to show a trend. When testing individual differences, the a level was set at 
0.05. All analyses were done under the SPSS-X statistical package run on the MicroVax IT 
in Madingley. 
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3. SIBLINGS AND NON·SIBLlNGS IN AFFILlATIVE BEHAVIOURS 
3.1 Introduction 
In primate groups, individuals usually associate more with kin than non-kin. They spend 
more time close to kin (e.g. macaques: Sade 1965; Baker and Estep 1985; baboons: Altmann 
1980), and groom them more (e.g. macaques: Kurland 1977; Silk et al. 1981; Baker and 
Estep 1985; baboons: Stammbach 1978; vervet monkeys: Fairbanks 1980; Seyfarth 1980). 
Similar patterns occur in young monkeys' affiliative behaviours, like grooming, play or 
staying in proximity. Young rhesus monkeys groom siblings more than non-siblings and 
grooming between siblings is usually more reciprocal than among non-siblings (Colvin 
1983; Janus 1987). Young vervet monkeys also groom their siblings more than unrelated 
young (Lee 1987). Immature Japanese macaques are more likely to choose a sibling for a 
grooming partner than for a play partner (Koyama 1973, cited in Caine and Mitchell 1979a). 
There are other determinants of high interaction frequencies with some partners in play 
apart from relatedness of monkeys. Infant rhesus macaques usually play more with offspring 
of females of adjacent dominance rank to that of their mother's than with other young, but 
such effect has not ~been found among bonnet macaques (Macaca radiata) , (Caine and 
Mitchell 1979b). Same-age immatures tend to be more frequent play partners than animals 
distant in age (Owens 1975; Symons 1978). When many partners are available, infants tend 
to play with siblings or juveniles of the same sex as themselves (White 1977, Symons 1978). 
Often siblings are as frequent play partners as unrelated monkeys (White 1977; Caine and 
Mitchell 1979a; Lee 1987). However, it is common for young primates to play more with 
their siblings than with non-siblings of the same age and sex (Fady 1969; Owens 1975; 
Cheney 1978; Lee 1987). 
Immature males usually play more than immature females (baboons: Owens 1975; 
macaques: Ruppenthal et al. 1974; Symons 1978; Glick et al. 1986; Ehardt and Bernstein 
1987; talapoins: Wolfheim 1977). In contrast, immature females tend to perform more 
grooming than immature males and spend more time huddling and in close proximity to 
other animals (Ruppenthal et al. 1974; Wolfheim 1977; Young et al. 1982; Ehardt and 
Bemstein 1987). 
Play, grooming and proximity are three affiliative behaviours, which have much in 
common. They have often been linked to characterize friendly relationships of immature 
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primates (e.g. Hayaki 1983; Colvin and Tissier 1985; Glick et al. 1986; Lee 1987; Nicolson 
1987). They provide means of developing, as well as maintaining or reconciling a 
relationship (Lee 1983; de Waal and Yoshihara 1983; Cords 1988). Proximity, often together 
with grooming, has been used as an indicator of the closeness of a relationship between two 
animals (Walters 1981; Colvin 1983a; Smuts 1983). 
In this chapter, time spent on play, grooming and proximity will be examined in sibling 
and non-sibling dyads. The following hypotheses will be tested: 
1) Sibling dyads spend more time on affiliative behaviours than do non-sibling dyads. 
2) Peer non-sibling dyads are more affiliated than non-peer non-sibling dyads. 
3) Males play more than females but females groom more and spend more time in proximity 
than males. 
3.2 Analyses 
The following specific methods were used to analyse the data for this chapter. 
3.2.1 Dyadic comparisons 
In dyadic comparisons, all focal sibling and non-sibling dyads were used. The number of 
dyads in each group (N) are given next to the results of the statistical tests. In analyses of 
time spent on a particular behaviour (play, grooming or proximity), four types of 
comparisons were performed: siblings were compared with all non-siblings, siblings with 
peers, siblings with non-peers, and peers with non-peers, using the Mann-Whitney V-test. 
Differences among male-male, female-female and mixed-sex dyads were tested with the 
Kruskal-Wallis one-way anova in each two-month block. 
Dyads with the same specific age differences were combined from both seasons (as 
described in Chapter 2, section 2.4.2.3), because there were no differences between seasons. 
There were three different age combination dyads among siblings: Old J uvenile-Young 
Juvenile (OJIYJ), Old Juvenile-Infant (OJ/IN) and Young Juvenile-Infant (YJ/IN), six among 
non-siblings: OJIYJ, OJ/IN, YJ/IN (non-peers) · and OJ/OJ, YJIYJ, IN/IN (peers). To 
compare longitudinal differences between age groups, two-way analysis of variance with 
repeated measures was used, with Age Groups and Two-Month Blocks as factors. The 
measures of time spent playing, grooming or in proximity were transformed for this analysis. 
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Table 3.1 A The comparisons of time spent playing between Siblings (Sib) and Non-siblings 
(N-Sib). 
Two-month N Scorest Z pt 
block 
Sib N-Sib 
Season 1986-87 
Nov'86-Jan'87 13 30 Sib>N-Sib -1.82 0.06 
Jan-Mar'87 13 30 Sib>N-Sib -1.05 0.30 
Mar-May' 87 13 30 Sib>N-Sib -0.92 0.35 
May-Jut' 87 13 30 Sib>N-Sib -1.35 0.18 
Jul-Sep'87 13 30 Sib>N-Sib -1.17 0.24 
Season 1987-88 
Sep-Nov'87 11 36 Sib>N-Sib -1.42 0.15 
Nov'87-Jan'88 11 36 Sib>N-Sib -0.54 0.59 
Jan-Mar'88 11 36 Sib>N-Sib -1.61 0.10 
Mar-May'88 11 36 Sib>N-Sib -1.83 0.07 
May-Ju1'88 11 36 Sib>N-Sib -2.31 0.02 
Jul-Sep'88 11 36 Sib>N-Sib -3.34 0.001 
t Sib>N-Sib - Siblings played more than Non-siblings. The relevant medians are in Fig. 3.1 A. 
t Probabilities derived from Mann-Whitney U-test (two-tailed, corrected for ties). Significant 
differences and trends (a=0.05) are in bold type. 
Tab.3.1 B The comparisons of time spent playing between Siblings (Sib) and Peers (peer). 
Two-month N Scorest Z pt 
block 
Sib Peer 
Season 1986-87 
Nov'86-Jan'87 13 9 Sib>Peer -0.113 0.89 
Jan-Mar'87 13 9 Peer>Sib -0.37 0.71 
Mar-May'87 13 9 Peer>Sib -0.23 0.81 
May-Jul'87 13 9 Sib>Peer -0.07 0.94 
Jul-Sep'87 13 9 Sib>Peer -0.43 0.66 
Season 1987-88 
Sep-Nov'87 11 10 PeeDSib -0.07 0.94 
Nov'87-Jan'88 11 10 Peer>Sib -1.02 0.30 
Jan-Mar'88 11 10 Sib>Peer -0.11 0.91 
Mar-May' 88 11 10 Sib>Peer -0.07 0.94 
May-Jul'88 11 10 Sib>Peer -0.70 0.48 
Jul-Sep'88 11 10 Sib>Peer -2.29 0.02 
t Sib>Peer - Siblings played more than Peers; PeeDSib - Peers played more than Siblings. The 
relevant medians are in Fig. 3.1 B. 
t As in Table 3.1 A. 
Tab.3.t C The comparisons of time spent playing between Siblings (Sib) and Non-peers 
(N-Peer). 
Two-month N Scorest Z p:j: 
block 
Sib N-Peer 
Season 1986-87 
Nov'86-Jan'87 13 21 Sib>N-Peer -2.37 0.01 
Jan-Mar'87 13 21 Sib>N-Peer -1.60 0.11 
Mar-May'87 13 21 Sib>N-Peer -1.37 0.17 
May-Jul'87 13 21 Sib>N-Peer -1.78 0.07 
Jul-Sep'87 13 21 Sib>N-Peer -1.33 0.18 
Season 1987-88 
Sep-Nov'87 11 25 Sib>N-Peer -1.94 0.05 
Nov'87-Jan'88 11 25 Sib>N-Peer -1.22 0.22 
Jan-Mar'88 11 25 Sib>N-Peer -2.10 0.03 
Mar-May'88 11 25 Sib>N-Peer -2.40 0.01 
May-Ju1'88 11 25 Sib>N-Peer -2.74 0.01 
Jul-Sep'88 11 25 Sib>N-Peer -3.34 0.001 
t Sib>N-Peer - Siblings played more than Non-peers. The relevant medians are in Fig. 3.1 B. 
:j: As in Table 3.1 A. 
Tab.3.1 D The comparisons of time spent playing between Peers (Peer) and Non-peers (N-Peer). 
Two-month N Scorest Z p:j: 
block 
Peer N-Peer 
Season 1986-87 
Nov'86-Jan '87 9 21 Peer>N-Peer -2.32 0.02 
Jan-Mar'87 9 21 Peer>N-Peer -2.58 0.01 
Mar-May' 87 9 21 Peer>N-Peer -1.52 0.12 
May-Jul'87 9 21 Peer>N-Peer -1.36 0.17 
Jul-Sep'87 9 21 Peer>N-Peer -0.95 0.34 
Season 1987-88 
Sep-Nov'87 10 25 Peer>N-Peer -2.36 0.01 
Nov'87-Jan'88 10 25 Peer>N-Peer -2.43 0.01 
Jan-Mar'88 10 25 Peer> N -Peer -2.36 0.01 
Mar-May'88 10 25 Peer>N-Peer -1.90 0.05 
May-Jul'88 10 25 Peer>N-Peer -2.71 0.01 
Jul-Sep'88 10 25 Peer>N-Peer -1.56 0.11 
t Peer>N-Peer - Peers played more than Non-peers. The relevant medians are in Fig. 3.1 B. 
:j: As in Table 3.1 A. 
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Figure 3.1 Time spent playing by dyads in consecutive two-month blocks throughout two 
seasons. (A) Siblings and Non-siblings; sample sizes (N) and results of the relevant statistical 
analysis are in Table 3.1 A. (B) Siblings, Peers and Non-peers; sample sizes and results of 
the relevant statistical analysis are: between Siblings and Peers in Table 3.1 B, between 
Siblings and Non-peers in Table 3.1 C, between Peers and Non-peers in Table 3.1 D. 
* P < 0.05, ** p < 0.01. 
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3.2.2 Individual comparisons 
In individual comparisons of monkeys' interactions with peers as opposed to different 
age partners, only those individuals which had both a peer and a sibling partner available or 
both a peer and at least one other non-sibling partner available were used in respective 
analyses. The numbers of monkeys which interacted with a peer equally or more with a 
partner distant in age were compared with the numbers of those which interacted with a peer 
less than with other partners with the binomial test. The exact numbers of animals considered 
are given in the appropriate tables. 
The age differences among the three age categories (Infants, Young Juveniles and Old 
Juveniles, see Chapter 2 for classification) were tested with the Kruskal-Wallis one-way 
anova. The sex differences were tested with the Mann-Whitney U-test. 
3.3 Results: Play 
3.3.1 Comparisons between dyads 
Siblings versus non-siblings 
The time spent playing differed significantly between siblings and all non-siblings at the 
a=O.01 only in the last two-month block (July-September '88, p<0.01, Fig. 3.1 A, see also 
Table 3.1 A for Mann-Whitney test Z and probability values). Further analyses showed that 
peers usually spent as much or more time playing than siblings (Fig. 3.1 B, Table 3.1 B). 
Sibling dyads played significantly more than non-peers in about one-third of the two-month 
blocks (Fig: 3.1 B, Table 3.1 C). Peers always played more than non-peers (Fig. 3.1 B, Table 
3.1 D). 
Siblings directed more play initiations to each other than non-siblings, in each season 
(Mann-Whitney test, season 1986-87: N1=13, N2=30, U=123, p<0.05; season 1987-88: 
N1=11, N2=36, U=105.5, p<0.01). When non-siblings were divided into peer and non-peer 
groups, both siblings and peers directed more initiations to each other than non-peers, and 
there were no differences between siblings and peers (siblings vs non-peers, season 1986-87: 
NI=13, N2=21 , U=70, p<0.01, season 1987-88: N1=11, N2=26, U=61, p<O.Ol; peers vs non-
peers, 86-87: NI=9, N2=21, U=42, p<O.Ol, 87-88: N1=1O, N2=26, U=54.5, p<O.Ol). This was 
probably a direct effect of the slightly more time spent on play by siblings than non-siblings 
(Fig. 3.1), and siblings and peers more than non-peers. When the numbers of initiations per 
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Figure 3.2 Medians of total amounts of play initiations and of the ratio of initiations per hour 
of play in Sibling, Peer and Non-peer dyads in (A) Season 1986-87; (B) Season 1987-88. 
Sample sizes (N) are given in brackets. ** p < 0.01. 
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1 hour of play were compared, there was no significant difference between any two groups in 
any season. 
There was, however, a change in the direction of differences in the scores of initiation per 
one hour of play, from that observed in total initiations (Fig. 3.2). The total initiations were 
the highest among siblings, slightly lower among peers, and the lowest among non-peers . 
The initiations relative to the time spent playing were the highest among non-peers, 
intermediate among siblings, and the lowest among peers. This indicates that the two 
measures used reflect different aspects of play. 
Dyads with an age difference 
There were no marked significant differences in the amount of time spent playing by 
different age combination dyads, as tested with the analysis of variance (Table 3.2). The 
amount of play often differed between two-month blocks. Generally, non-sibling Infants 
played more with each other than with either Old or Young Juveniles (Fig. 3.3 B, C). Sibling 
dyads of various age combination reacted differently to changes in time (Fig. 3.3 A), as 
indicated by the statistical significance of interaction in the anovas. 
Male,female and mixed-sex dyads 
There was a noticeable tendency for male dyads to play more than either female or 
mixed-sex dyads, and for female dyads to play even less than mixed dyads (Fig. 3.4 and 
Table 3.3) . 
3.3.2 Individual comparisons 
Siblings and non-peers versus peers 
Males were inclined to play with peers slightly more than with siblings, but females were 
equally likely to play more with a peer than with a sibling (Table 3.4 A). In contrast, females 
were significantly more likely to play more with a peer than with a non-peer. Males were 
more likely to play more with a peer than with a non-peer, but this difference was not 
significant (Table 3.4 B). 
Age differences 
There were no differences in the amount of time monkeys of various ages spent playing, 
when all three ages (Old Juveniles, Young Juveniles, Infants) were compared. Although YJ 
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Table 3.2 The comparisons of time spent playing. 
Months' Effect:j: Age Effect:j: Interaction:j: 
Type of dyadst 
df F P df F P df F P 
Siblings 
OJ-YJ < YJ-IN 4,48 2.28 0.07 1,12 0.90 0.36 4,48 4.95 0.01 
N1=8, N2=6 
OJ-IN < YJ-IN 4,56 1.38 0.06 1, 14 2.39 0.14 4,56 1.14 0.34 
N1=1O, N2=6 
OJ-YJ > OJ-IN 4,64 3.77 0.01 1,16 0.83 0.37 4,64 4.50 0.01 
N1=8, N2=1O 
Non-siblings 
OJ-YJ > YJ-IN 4,120 3.35 0.01 1,30 0.02 0.66 4,120 0.80 0.53 
N1=14, N2=18 
OJ-IN < YJ-IN 4,124 1.14 0.34 1,31 2.56 0.12 4,124 1.29 0.27 
N1=15, N2=18 
OJ-YJ > OJ-IN 4,108 1.45 0.22 1,27 2.03 0.16 4,108 1.43 0.23 
N1=14, N2=15 
OJ peer < YJ peer 4,36 4.19 0.01 1, 9 0.45 0.51 4,36 0.66 .0.62 
N1=6, N2=5 
YJ peer < IN peer 4,44 1.33 0.27 1,11 0.82 0.38 4,44 0.96 0.43 
N1=5, N2=8 
OJ peer < IN peer 4,48 0.86 0.49 1,12 2.83 0.11 4,48 1.04 0.39 
N1=6, N2=8 
OJ-YJ < OJ peer 4,72 3.25 0.01 1, 18 0.01 0.92 4, 72 0.72 0.58 
N1=14,N2=6 
OJ-YJ < YJ peer 4,68 3.74 0.01 1,17 0.24 0.62 4,68 0.76 0.55 
N1=14,N2=5 
OJ -IN < OJpeer 4, 76 0.59 0.67 I, 19 3.96 0.06 4,76 2.53 0.04 
N1=15, N2=6 
OJ-IN < IN peer 4,84 0.38 0.81 1,21 14.82 0.001 4,84 0.84 0.50 
N1=15,N2=8 
YJ-IN < YJ peer 4,84 4.28 0.01 1,21 1.67 0.21 4,84 2.09 0.09 
N1=18, N2=5 
YJ-IN < IN peer 4,96 1.14 0.34 1, 24 7.83 0.01 4,96 0.88 0.47 
N 1=18,N2=8 
OJ-YJ < IN peer 4,80 1.52 0.20 1,20 2.14 0.15 4,80 0.65 0.63 
N1=14,N2=8 
OJ-IN < YJ peer 4, 72 0.91 0.46 1,18 5.57 0.03 4,72 3.07 0.02 
N1=15,N2=5 
YJ-IN < OJ peer 4,88 3.48 0.01 1,22 0.48 0.49 4,88 1.78 0.14 
N1=18,N2=6 
t OJ - Old Juvenile, YJ - Young Juvenile, IN - Infant. Sign "<" or ">" shows the clirection of clifference. 
The relevant medians are in Fig. 3.3. 
:j: Probabilities derived from analysis of variance with Age-Combination and Two-Month Blocks as factors. 
Significant clifferences and trends (a=0.05) are in bold type. 
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Figure 3.3 Time spent playing by monkeys in dyads of various age-combinations Cdyads combined 
from two seasons, see section 3.2.1). Results of the relevant statistical analysis are in Table 3.2. OJ -
Old Juveniles, YJ - Young Juveniles, IN - Infants. CA) Siblings: N of OJIYJ dyads = 8, N of YJ/IN 
dyads = 6, N of OJ/IN dyads = 10. CB) Non-siblings; Peers: N of OJ Peer dyads = 6, N of YJ Peer 
dyads = 5, N of IN Peer dyads = 8; CC) Non-siblings; Non-peers: N of OJIYJ dyads = 14, N of 
YJ/IN dyads = 18, N of OJ/IN dyads = 15. 
Table 3.3. The comparisons of time spent playing by male (MM), female (FP) and mixed-sex 
(Mix) dyads. 
Two-month Sample size (N)t X2 p:j: 
block MM FF Mix 
Season 1986-87 
Nov'86-Jan'87 4 16 23 0.80 0.67 
Jan-Mar'87 4 16 23 2.16 0.34 
Mar-May '87 4 16 23 2.01 0.36 
May-Jul'87 4 16 23 0.54 0.76 
Jul-Sep'87 4 16 23 1.53 0.46 
Season 1987-88 
Sep-Nov'87 5 14 27 5.41 0.06 
Nov'87-Jan'88 5 14 27 5.94 0.05 
Jan-Mar'88 5 14 27 1.43 0.49 
Mar-May'88 5 14 27 1.58 0.45 
May-Jul'88 5 14 27 8.93 0.01 
Jul-Sep'88 5 14 27 2.79 0.24 
t The relevant medians are in Fig. 3.4. 
:j: Probabilities derived from Kruskal-Wallis one-way analysis of variance. 
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Figure 3.4 Time spent playing by monkeys in dyads of various sex-combinations: Mixed-
sex, Male-Male, and Female-Female. Sample sizes (N) are in Table 3.3. 
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Table 3.4 Play with Peers as compared with play with different age partners: Siblings (A) and 
Non-peers (B). Numbers of monkeys that played with any Sibling (Non-peer) Less 
Than With a Peer, or More Than With a Peer, are given. 
A. With Siblings 
Season 1986-87 Season 1987-88 
Sex Less Than More Than Less Than More Than 
With a Peer With a Peer pt With a Peer With a Peer pt 
Males 5 1 0.109 5 2 0.227 
Females 4 4 0.637 3 3 0.656 
B. With Non-Peers 
Season 1986-87 Season 1987-88 
Sex Less Than More Than Less Than More Than 
With a Peer With a Peer pt With a Peer With a Peer pt 
Males 4 2 0.344 5 2 0.227 
Females 10 1 0.006 10 1 0.006 
t Probabilities are derived from the binomial test. 
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Figure 3.5 Time spent playing by individual males and females. Lines represent 
interquartile intervals. Sample sizes are in brackets. 
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seemed to play more than other ages, and OJ seemed to play least of all, the differences 
between each two ages were not statistically significant either. 
There was a significant difference in the amount of play initiations received, depending 
on the age of a monkey (Kruskal-Wallis, N1=14, N2=12, N3=14, X
2
=11.05, p<O.01) and it 
was due to the Old Juveniles receiving less initiations than either Young Juveniles (M ann-
Whitney, N1=12, N2=14, U=48, p<O.06) or Infants (Mann-Whitney, N1=14, N2=14, U=56, 
p<O.05). 
It must be noted, however, that these differences disappeared, or became only trends, 
when the amounts of initiations were divided by the number of available play partners. This 
was caused by the fact that some individuals received frequent play initiations from only two 
or three partners and few from the others. The sum of the initiations they received would 
then be relatively large. When it was corrected for the number of available partners, (i.e. 
divided by this number), it averaged the total and thus lowered the differences between 
values considered in the statistical test. 
Sex differences 
Males tended to spend more time on play than females (Fig. 3.5), but there were no 
significant sex differences either in play rates, or amounts of play initiations. 
3.3.3 Unreciprocated play initiations 
Only 11.1 % of all play initiations were unreciprocated (combined median for both 
seasons, range: 0 - 66.7%). There were no statistical differences between siblings and non-
siblings in the proportion of unreciprocated play initiations, neither were there any evident 
sex or age differences. 
3.4 Results: Grooming 
3.4.1 Comparisons between dyads 
Siblings versus non-siblings 
Grooming was significantly higher among siblings in almost all two-month blocks 
(p<O.OI, Fig. 3.6 A and Table 3.5 A). Siblings groomed each other slightly more than peers, 
but always more than non-peers, and the latter difference was consistently significant (Fig. 
3.6 B and Table 3.5 B, C, D). Peers groomed each other significantly more than non-peers in 
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Table 3.5 A The comparisons of time spent grooming between Siblings (Sib) and Non-siblings 
(N-Sib). 
Two-month N Scores, Z p:j: 
block 
Sib N-Sib 
Season 1986-87 
Nov'86-Jan'87 13 30 Sib>N-Sib -2.46 0.01 
Jan-Mar'87 13 30 Sib>N-Sib -1.81 0.07 
Mar-May'87 13 30 Sib>N-Sib -2.47 0.01 
May-Jul'87 13 30 Sib>N-Sib -1.92 0.05 
Jul-Sep'87 13 30 Sib>N-Sib -4.01 0.001 
Season 1987-88 
Sep-Nov'87 11 36 Sib>N-Sib -2.71 0.01 
Nov'87-Jan'88 11 36 Sib>N-Sib -2.50 0.01 
Jan-Mar '88 11 36 Sib>N-Sib -3.62 0.001 
Mar-May'88 11 36 Sib>N-Sib -2.05 0.04 
May-Jul'88 11 36 Sib>N-Sib -2.43 0.01 
Jul-Sep'88 11 36 Sib>N-Sib -2.23 0.02 
, Sib>N-Sib - Siblings groomed each other more than Non-siblings. The relevant medians are in 
Fig. 3.6 A. 
:j: As in Table 3.1 A. 
Table 3.5 B The comparisons of time spent grooming between Siblings (Sib) and Peers (peer). 
Two-month N Scorest Z p:j: 
block 
Sib Peer 
Season 1986-87 
Nov'86-Jan'87 13 9 Sib>Peer -0.80 0.42 
Jan-Mar'87 13 9 Sib>Peer -0.03 0.97 
Mar-May' 87 13 9 Sib>Peer -0.23 0.81 
May-Jul'87 13 9 Sib>Peer -0.17 0.86 
Jul-Sep'87 13 9 Sib>Peer -2.81 0.01 
Season 1987-88 
Sep-Nov'87 11 10 Sib>Peer -1.96 0.05 
Nov'87-Jan'88 11 10 Sib>Peer -1.55 0.12 
Jan-Mar'88 11 10 Sib>Peer -2.01 0.04 
Mar-May'88 11 10 Sib>Peer -1.69 0.09 
May-Jul'88 11 10 Sib>Peer -2.35 0.01 
Jul-Sep'88 11 10 Sib>Peer -1.53 0.12 
t Sib>Peer - Siblings groomed each other more than Peers. The relevant medians are in 
Fig. 3.6 B. 
:j: As in Table 3.1 A. 
Table 3.5 C The comparisons of time spent grooming between Siblings (Sib) and Non-peers 
(N-Peer). 
Two-month N Scorest Z pt 
block 
Sib N-Peer 
Season 1986-87 
Nov'86-Jan'87 13 21 Sib>N-Peer -2.86 0.01 
Jan-Mar'87 13 21 Sib>N-Peer -2.42 0.01 
Mar-May'87 13 21 Sib>N-Peer -3.28 0.001 
May-Jul'87 13 21 Sib>N-Peer -2.54 0.01 
Jul-Sep'87 13 21 Sib>N-Peer -3.88 0.001 
Season 1987-88 
Sep-Nov'87 11 25 Sib>N-Peer -2.60 0.01 
Nov '87 -J an '88 11 25 Sib>N-Peer -2.57 0.01 
Jan-Mar'88 11 25 Sib>N-Peer -3.85 0.001 
Mar-May'88 11 25 Sib>N-Peer -1.96 0.05 
May-Jul'88 11 25 Sib>N-Peer -2.07 0.03 
Jul-Sep'88 11 25 Sib>N-Peer -2.17 0.02 
t Sib>N-Peer - Siblings groomed each other more than Non-peers. The relevant medians are in 
Fig. 3.6 B. 
t As in Table 3.1 A. 
Table 3.5 D The comparisons of time spent grooming between Peers (peer) and Non-peers 
(N-Peer). 
Two-month N Scorest Z pt 
block 
Peer N-Peer 
Season 1986-87 
Nov'86-Jan'87 9 21 Peer>N-Peer -1.09 0.27 
Jan-Mar'87 9 21 Peer>N-Peer -1.72 0.08 
Mar-May'87 9 21 Peer>N-Peer -2.85 0.01 
May-Ju1'87 9 21 Peer>N-Peer -2.26 0.02 
Jul-Sep' 87 9 21 Peer>N-Peer -1.72 0.08 
Season 1987-88 
Sep-Nov'87 10 25 N-Peer>Peer -0.24 0.81 
Nov'87-Jan'88 10 25 Peer>N-Peer -1.57 0.11 
Jan-Mar'88 10 25 Peer>N-Peer -1.71 0.08 
Mar-May'88 10 25 Peer>N-Peer -0.07 0.94 
May-Jul'88 10 25 Peer>N-Peer -0.29 0.77 
Jul-Sep'88 10 25 Peer>N-Peer -0.22 0.82 
t Peer>N-Peer - Peers groomed each other more than Non-peers. The relevant medians are in 
Fig. 3.6 B. 
:j: As in Table 3.1 A. 
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Figure 3.6 Time spent grooming by dyads in consecutive two-month blocks throughout 
two seasons. CA) Siblings and Non-siblings; sample sizes CN) and results of the relevant 
statistical analysis are in Table 3.5 A. CB) Siblings, Peers and Non-peers; sample sizes and 
results of the relevant statistical analyses are: between Siblings and Peers in Table 3.5 B, 
~etween Siblings and Non-peers in Table 3.5 C, between Peers and Non-peers in Table 3.5 
D. * p<O.05, ** p<O.Ol, *** p<O.OOl. 
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Table 3.6 The comparisons of time spent grooming. 
Months' Effect:!: Age Effect:!: Interaction:!: 
Type of dyadst 
df F P df F P df F P 
Siblings 
OJ-YJ > YJ-IN 4,48 3.11 0.02 1,12 6.16 0.02 4,48 1.31 0.27 
N1=8, N2=6 
OJ-IN> YJ-IN 4,56 1.50 0.21 I, 14 0 0.90 4,56 0.50 0.73 
N1=IO,N2=6 
OJ-YJ > OJ-IN 4,64 2.26 0.07 1,16 9.30 0.01 4,64 3.73 0.01 
N1=8, N2=1O 
Non-siblings 
OJ-YJ > YJ-IN 4,120 0.46 0.76 1,30 6.78 0.01 4,120 1.92 0.11 
N1=I4, N2=I8 
OJ-IN < YJ-IN 4,124 0.60 0.66 1,31 2.84 0.10 4,124 0.59 0.67 
N1=I5,N2=I8 
OJ-YJ > OJ-IN 4,108 1.21 0.31 1,27 11.49 0.01 4,108 1.04 0.38 
N1=I4, N2=I5 
OJ peer> YJ peer 4,36 1.84 0.14 1,9 1.30 0.28 4,36 1.19 0.33 
N1=6,N2=5 
YI peer> IN peer 4,44 2.80 0.03 I,ll 1.85 0.20 4,44 1040 0.24 
N1=5,N2=8 
OJ peer> IN peer 4,48 1.18 0.33 1, 12 23.181 0.001 4,48 1.89 0.12 
N1=6, N2=8 
OJ-YJ < OJ peer 4, 72 1.90 0.12 1,18 6.372 0.02 4, 72 1.28 0.28 
N1=I4,N2=6 
OJ-YJ > YJ peer 4,68 0.85 0.49 I, 17 0.06 0.80 4,68 2.75 0.03 
N1=I4,N2=5 
OJ-IN < OJ peer 4, 76 0.70 0.59 1,19 61.60 0.001 4,76 3.27 0.02 
N1=I5, N2=6 
OJ-IN> IN peer 4,84 0.35 0.84 1,21 0.11 0.74 4,84 1.31 0.27 
N1=I5,N2=8 
YJ-IN < YJ peer 4,84 1.26 0.29 1,21 3.10 0.09 4,84 3.83 0.01 
N1=18,N2=5 
YJ-IN> IN peer 4,96 0.92 0045 1,24 0.57 0.45 4,96 0.78 0.54 
N1=I8,N2=8 
OJ-YJ > IN peer 4,80 0.69 0.60 1,20 4.64 0.04 4,80 1.46 0.22 
N1=I4, N2=8 
OJ-IN < YJ peer 4, 72 0.64 0.63 1,18 4.56 0.04 4,72 4.58 0.01 
N1=I5,N2=5 
YJ-IN < OJ peer 4,88 1.12 0.35 1,22 45.85 0.001 4,88 2.96 0.02 
N1=I8, N2=6 
t OJ - Old Juvenile, YJ - Young Juvenile, IN - Infant. Sign "<" or ">" shows the direction of difference. 
The relevant medians are in Fig. 3.7. 
:j: As in Table 3.2. 
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Figure 3.7 Time spent grooming by monkeys in dyads of various age-combinations (dyads 
combined from two seasons, see section 3.2.1). Results of the relevant statistical analysis are in Table 
3.6. OJ - Old Juveniles, YJ - Young Juveniles, IN - Infants. (A) Siblings: N of OJIYJ dyads = 8, N 
of YJ/IN dyads = 6, N of OJ/IN dyads = 10. (B) Non-siblings; Peers: N of OJ Peer dyads = 6, N of 
YJ Peer dyads = 5, N of IN Peer dyads = 8; (C) Non-siblings; Non-peers: N of OJIYJ dyads = 14, N 
of YJ/IN dyads = 18, N of OJ/IN dyads = 15. 
Table 3.7 The comparisons of time spent grooming by male (MM), female (FP) and mixed-sex 
(Mix) dyads. 
Two-month Sample size (N)t X2 p:j: 
block MM FF Mix 
Season 1986-87 . 
Nov'86-Jan'87 4 16 23 0.38 0.82 
Jan-Mar'87 4 16 23 3.54 0.17 
Mar-May' 87 4 16 23 1.36 0.50 
May-Ju1'87 4 16 23 0.08 0.96 
Jul-Sep'87 4 16 23 0.26 0.88 
Season 1987-88 
Sep-Nov'87 5 14 27 0.55 0.76 
Nov'87-Jan'88 5 14 27 0.82 0.66 
Jan-Mar'88 5 14 27 0.18 0.91 
Mar-May'88 5 14 27 1.11 0.57 
May-Jul'88 5 14 27 2.08 0.35 
Jul-Sep'88 5 14 27 0.30 0.86 
t The relevant medians are in Fig. 3.8. 
:j: Probabilities derived from Kruskal-Wallis one-way analysis of variance. 
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Figure 3.8 Time spent grooming by monkeys in dyads of various sex-combinations: 
Mixed-sex, Male-Male, and Female-Female. Sample sizes are in Table 3.7. 
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about half of the two-month periods. 
Dyads with an age difference 
Dyads including Infants generally groomed significantly less than dyads with older 
animals (Table 3.6). This effect was similar among siblings (Fig. 3.7 A) and non-siblings 
(Fig. 3.7 B, C). Time spent on grooming by dyads of different age-combination did not 
change significantly depending on time of year (Two-Month Block). Interaction between the 
two variables was usually significant in comparisons including Infants, suggesting that their 
grooming was changing with time in a different way than grooming by older monkeys. 
Male,female and mixed-sex dyads 
There were no marked differences in time spent grooming among male, female and 
mixed-sex dyads (Fig. 3.8). Female dyads tended to groom slightly more than other dyads 
(Table 3.7) . 
3.4.2 Individual comparisons 
Siblings and non-peers versus peers 
Monkeys were not more likely to groom with peers than with siblings (Table 3.8 A). 
Both males and females were more likely to groom with a peer rather than with an older or 
younger non-sibling. Except for two females in the second season, all monkeys groomed 
with a peer more than with any non-peer (Table 3.8 B). 
Age differences 
There were pronounced effects of an individual's age on the amount of grooming it gave 
or received, especially in grooming given (Kruskal-Wallis one-way anova, N1=14, N2=12, 
N3=14; total grooming: :~?=16.67, p<O.OOl; grooming given: x2=22.21, p<O.OOl; all values 
corrected by the number of available partners). These effects were due to the youngest group 
being the least involved in grooming. They groomed less than YJ (Mann-Whitney, N1=14, 
N2=12, V=l1, p<O.OOl) and less than OJ (N1=14, N2=14, V=6.S, p<O.OOl). The IN group 
also received less grooming than OJ (N1=14, N2=14, U=S3.S, p<O.OS). Grooming by OJ and 
YJ was on similar levels. 
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Table 3.8 Grooming with Peers as compared with play with different age partners: Siblings (A) 
and Non-peers (B). Numbers of monkeys that groomed with any Sibling (Non-peer) 
Less Than With a Peer, or More Than With a Peer, are given. 
A. With Siblings 
Season 1986-87 Season 1987-88 
Sex Less Than More Than Less Than More Than 
With a Peer With a Peer pt With a Peer With a Peer pt 
Males 3 3 0.656 3 4 0.500 
Females 4 4 0.637 2 3+ 0.500 
B. With Non-Peers 
Season 1986-87 Season 1987-88 
Sex Less Than More Than Less Than More Than 
With a Peer With a Peer pt With a Peer With a Peer pt 
Males 6 0 0.016 7 0 0.008 
Females 11 0 0.000 9 2 0.033 
t Probabilities are derived from the binomial test. 
+ One female was not observed to groom anybody and was excluded from grooming comparison, 
so the total N in this case is 5. 
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Sex differences 
Although females performed more grooming than males (Fig. 3.9) this tendency was 
significant only in the second season (N1=8, N2=12, U=23.5, p<0.05). The tendency for 
females to receive less grooming did not reach significance. 
3.4.3 Grooming solicitations and ending 
Only about 1 % of total grooming among immatures recorded in this study was observed 
to be solicited. In the median 61.5% (range: 0 - 100%) of all cases of grooming the identity 
of the individual responsible for the termination was recorded. No differences in the 
termination of grooming bouts due to the identity of the grooming partners were found. 
3.5 Results: Proximity 
3.5.1 Comparisons between dyads 
Siblings versus non-siblings 
Siblings spent significantly more time in proximity than non-siblings (p<O.Ol, Fig. 3.10 
A and Table 3.9 A). 
Siblings stayed in proximity more than either peers or non-peers (Table 3.9 B, C). Peers 
tended to be more often in proximity than non-peers (Fig. 3.10 B and Table 3.9 D). 
Dyads with an age difference 
Time of year often had significant influence on the proximity time in different age-
combination dyads (Table 3.10). Among non-siblings, Old Juvenile-Infant dyads, that is, 
those with the biggest age difference (2 years) usually spent less time in proximity than 
dyads with smaller age difference (Fig. 3.11 B, C). Sibling dyads did not show significant 
differences in proximity time, depending on age combination (Fig. 3.11 A). 
Male,female and mixed-sex dyads 
All three kinds of sex-combination dyads spent similar amounts of time in proximity 
(Fig. 3.12). 
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Table 3.9 A The comparison of time spent in proximity between Siblings (Sib) and Non-siblings 
(N-Sib). 
Two-month N Scorest Z p:j: 
block 
Sib N-Sib 
Season 1986-87 
Nov'86-Jan '87 13 30 Sib>N-Sib -3.99 0.001 
Jan-Mar'87 13 30 Sib>N-Sib -3.85 0.001 
Mar-May'87 13 30 Sib>N-Sib -4.06 0.001 
May-Jul'87 13 30 Sib>N-Sib -4.01 0.001 
Jul-Sep'87 13 30 Sib>N-Sib -3.94 0.001 
Season 1987-88 
Sep-Nov'87 11 36 Sib>N-Sib -4.31 0.001 
Nov'87-Jan'88 11 36 Sib>N-Sib -4.55 0.001 
Jan-Mar'88 11 36 Sib>N-Sib -4.52 0.001 
Mar-May'88 11 36 Sib>N-Sib -4.28 0.001 
May-Jul'88 11 36 Sib>N-Sib -4.85 0.001 
Jul-Sep'88 11 36 Sib>N-Sib -4.33 0.001 
t Sib>N-Sib - Siblings spent more time in proximity than Non-siblings. The relevant medians are 
in Fig. 3.10 A. 
:j: As in Table 3.1 A. 
Table 3.9 B The comparisons of time spent in proximity between Siblings (Sib) and Peers (peer). 
Two-month N Scorest Z p:j: 
block 
Sib Peer 
Season 1986-87 
Nov'86-Jan '87 13 9 Sib>Peer -2.71 0.01 
Jan-Mar'87 13 9 Sib>Peer -2.51 0.01 
Mar-May'87 13 9 Sib>Peer -2.90 0.01 
May-,JuI'87 13 9 Sib>Peer -2.37 0.01 
JuI-Sep'87 13 9 Sib>Peer -2.84 0.01 
Season 1987-88 
Sep-Nov'87 11 10 Sib>Peer -3.24 0.001 
Nov'87-Jan'88 11 10 Sib>Peer -3.45 0.001 
Jan-Mar'88 11 10 Sib>Peer -3.31 0.001 
Mar-May'88 11 10 Sib>Peer -3.38 0.001 
May-Jul'88 11 10 Sib>Peer -3.73 0.001 
Jul-Sep'88 11 10 Sib>Peer -3.38 0.001 
t Sib>Peer - Siblings spent more time in proximity than Peers. The relevant medians are in 
Fig. 3.10 B. 
:j: As in Table 3.1 A. 
Table 3.9 C The comparisons of time spent in proximity between Siblings (Sib) and Non-peers 
(N-Peer). 
Two-month N Scorest Z p:j: 
block 
Sib N-Peer 
Season 1986-87 
Nov'86-Jan'87 13 21 Sib>N-Peer -3.92 0.001 
Jan-Mar'87 13 21 Sib>N-Peer -3.83 0.001 
Mar-May'87 13 21 Sib>N-Peer -3.90 0.001 
May-Jul'87 13 21 Sib>N-Peer -4.11 0.001 
Jul-Sep'87 13 21 Sib>N-Peer -3.77 0.001 
Season 1987-88 
Sep-Nov'87 11 25 Sib>N-Peer -4.17 0.001 
Nov'87-Jan'88 11 25 Sib>N-Peer -4.38 0.001 
Jan-Mar'88 11 25 Sib>N-Peer -4.41 0.001 
Mar-May'88 11 25 Sib>N-Peer -4.05 0.001 
May-Jul'88 11 25 Sib>N-Peer -4.65 0.001 
Jul-Sep'88 11 25 Sib>N-Peer -4.14 0.001 
t Sib>N-Peer - Siblings spent more time in proximity than Non-peers. The relevant medians are 
in Fig. 3.10 B. 
:j: As in Table 3.1 A. 
Table 3.9 D The comparisons of time spent in proximity between Peers (peer) and Non-peers 
(N-peer). 
Two-month N Scorest Z p:j: 
block 
Peer N-Peer 
Season 1986-87 
Nov'86-Jan'87 9 21 Peer>N-Peer -1.24 0.21 
Jan-Mar '87 9 21 Peer>N-Peer -1.36 0.17 
Mar-May'87 9 21 Peer>N-Peer -1.22 0.22 
May-Jul'87 9 21 Peer>N-Peer -0.91 0.36 
Jul-Sep'87 9 21 N-peer>Peer -0.04 0.96 
Season 1987-88 
Sep-Nov'87 10 25 Peer>N-Peer -1.15 0.25 
Nov'87-Jan'88 10 25 Peer>N-Peer -0.27 0.78 
Jan-Mar'88 10 25 Peer>N-Peer -1.46 0.14 
Mar-May'88 10 25 Peer>N-Peer -0.58 0.55 
May-Jul'88 10 25 Peer>N-Peer -1.94 0.05 
Jul-Sep'88 10 25 Peer>N-Peer -1.22 0.22 
t Peer>N-Peer - Peers spent more time in proximity than Non-peers; N-Peer>Peer - Non-peers 
spent more time in proximity than Peers. The relevant medians are in Fig. 3.10 B. 
:j: As in Table 3.1 A. 
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Figure 3.10 Time spent in proximity by dyads in consecutive two-month blocks throughout 
two seasons. CA) Siblings and Non-siblings; sample sizes CN) and results of the relevant 
statistical analysis are in Table 3.9 A. CB) Siblings, Peers and Non-peers; sample sizes and 
results of the relevant statistical analyses are between Siblings and Peers in Table 3.9 B, 
between Siblings and Non-peers in Table 3.9 C, between Peers and Non-peers in Table 3.9 D. 
*** p < 0.001. 
Table 3.10 The comparison of time spent in proximity. 
Months' Effect:l: Age Effect:l: Interaction:j: 
Type of dyadst 
df F P df F P df F P 
Siblings 
OJ-YJ > YJ-IN 4,48 4.24 0.01 1, 12 0.38 0.55 4,48 0.54 0.70 
N1=8, N2=6 
OJ-IN < YJ-IN 4,56 1.50 0.21 1, 14 1.83 0.19 4,56 0.68 0.61 
N1=10,N2=6 
OJ-YJ > OJ-IN 4,64 3.53 0.01 1,16 1.03 0.32 4,64 1.34 0.26 
N1=8,N2=10 
Non-siblings 
OJ-YJ > YJ-IN 4,120 3.65 0.01 1,30 0.16 0.69 4,120 0.39 0.81 
N1=14,N2=18 
OJ-IN < YJ-IN 4,124 3.55 0.01 1,31 4.42 0.04 4,124 0.21 .93 
N1=15, N2=18 
OJ-YJ > OJ-IN 4,108 2.48 0.04 1,27 4.27 0.04 4,108 0.29 0.88 
N1=14, N2=15 
OJ peer> YJ peer 4,36 1.86 0.13 1,9 0.58 0.46 4,36 0.43 0.78 
N1=6, N2=5 
YJ peer < IN peer 4,44 4.12 0.01 1, 11 0 0.95 4,44 0.50 0.73 
N1=5, N2=8 
OJ peer> IN peer 4,48 3.92 0.01 1, 12 1.73 0.21 4,48 0.87 0.48 
N1=6, N2=8 
OJ-YJ < OJ peer 4, 72 2.24 0.07 1, 18 1.00 0.33 4, 72 0.52 0.72 
N1=14,N2=6 
OJ-YJ < YJ peer 4,68 2.31 0.06 1, 17 0.0 0.98 4,68 0.04 0.99 
N1=14,N2=5 
OJ-IN < OJ peer 4, 76 2.03 0.09 1, 19 12.09 0.01 4, 76 0.50 0.73 
N1=15,N2=6 
OJ-IN < IN peer 4,84 3.59 0.01 1,21 5.76 0.02 4,84 0.53 0.71 
N1=15,N2=8 
YJ-IN < YJ peer 4,84 3.68 0.01 1,21 0.09 0.76 4,84 0.21 0.93 
N1=18 , N2=5 
YJ-IN < IN peer 4,96 6.12 0.001 1,24 0.12 0.73 4,96 0.90 0.46 
N =18,N =8 1 2 
OJ-YJ < IN peer 4,80 3.59 0.01 1,20 0.0 0.96 4,80 1.01 0.40 
N1=14,N2=8 
OJ-IN < YJ peer 4, 72 1.99 0.10 1, 18 2.63 0.12 4, 72 0.17 0.95 
N1=15,N2=5 
YJ-IN < OJ peer 4,88 3.18 0.01 1,22 2.67 0.11 4,88 1.18 0.32 
N1=18,N2=6 
t OJ - Old Juvenile, YJ - Young Juvenile, IN - Infant. Sign "<" or ">" shows the direction of difference. 
The relevant medians are in Fig. 3.11. 
:I: As in Table 3.2. 
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Figure 3.11 Time spent in proximity by monkeys in dyads of various age-combinations Cdyads 
combined from two seasons, see section 3.2.1). Results of the relevant statistical analysis are in 
Table 3.10. OJ - Old Juveniles, YJ - Young Juveniles, IN - Infants. CA) Siblings: N of OJIYJ 
dyads = 8, N of YJ/lN dyads = 6, N of OJ/lN dyads = 10. CB) Non-siblings; Peers: N of OJ 
Peer dyads = 6, N of YJ Peer dyads = 5, N of IN Peer dyads = 8; CC) Non-siblings; Non~peers: 
N of OJIYJ dyads = 14, N of YJ/lN dyads = 18, N of OJ/lN dyads = 15. 
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Figure 3.12 Time spent in proximity by monkeys in dyads of various sex-combinations: 
Mixed- sex, Male-Male, and Female-Female. Sample sizes (N) as in Fig. 3.8. 
Table 3.11 Proximity with Peers as compared with proximity with different age partners: 
Sex 
Males 
Females 
Sex 
Males 
Females 
Siblings (A) and Non-peers (B). Numbers of monkeys that stayed in proximity 
with any Sibling (Non-peer) Less Than With a Peer, or More Than With a Peer, are 
given. 
A. With Siblings 
Season 1986-87 Season 1987-88 
Less Than More Than Less Than More Than 
With a Peer With a Peer pt With a Peer With a Peer pt 
1 5 0.109 0 7 0.008 
2 6 0.145 0 6 0.016 
B. With Non-Peers 
Season 1986-87 Season 1987-88 
Less Than More Than Less Than More Than 
With a Peer With a Peer pt With a Peer With a Peer pt 
5 1 0.109 5 2 0.227 
8 3 0.113 6 5 0.500 
t Probabilities are derived from the binomial test. 
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3.5.2 Individual comparisons 
Siblings and non-peers versus peers 
Most of monkeys spent less time in proximity with peers than with siblings (Table 3.11 
A). This effect was at the border of statistical significance in season 1986-87 (binomial test, 
p=O.1 and 0.14 for males and females, respectively) but significant in season 1987-88 
(p~.01). Although the majority of both males and females spent more time close to peers 
than to non-peers, it was not statistically significant (Table 3.11 B). However, the tendency to 
be close to peers seemed to be stronger among males than among females. 
Age and sex differences 
There were no significant age or sex differences in the time spent in proximity to other 
immatures. The only trend which emerged was for Old Juveniles to spend more time close to 
otherimmatures than Infants (Mann-Whitney test, N 1=14, N2=14, U=60.5, p<0.08). 
3.5.3 Proximity and grooming 
The definition of close proximity (see Chapter 2) embraced all instances of two monkeys 
staying within 0.6 m from each other, regardless of any other activity they could be doing at 
the same time. As grooming is a behaviour which per se requires body contact, I have 
substracted the proximity time spent grooming from the total proximity time. The medians 
of time spent in close proximity as used in all analyses so far and medians of proximity 
without grooming are shown in Fig. 3.13. Medians for the two variables were slightly more 
discrepant among siblings, because siblings groomed each other more than non-siblings. 
There was no difference in patterns of proximity, whether grooming time was included or not 
(Fig. 3.13). 
3.6 DiscuSsion 
The results showed a clear pattern of strong affiliation among siblings in two of the three 
behaviours studied: in grooming and proximity. Although the differences between siblings 
and non-siblings in play were not significant, ther:e was a tendency for siblings to play more 
with each other than with non-siblings, and siblings did play significantly more than non-
peers. 
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It has been shown in a number of studies on social relationships of immature primates 
that play, unlike some other behaviours like grooming, does not occur more frequently 
among kin than among non-kin (Cheney 1978a, b; Nash 1978; Caine and Mitchell 1979a; 
Colvin 1983a; Lee 1987). Juvenile Japanese macaque males (Hayaki 1983) and rhesus 
(Symons 1978; Ehardt and Bernstein 1987) play more frequently with their male peers than 
with other juveniles, including siblings. The results in this study show that peers are more 
frequent partners than non-peers for all three behaviours, but it is the least pronounced for 
play partners of males (Table 3.4 B). This apparent discrepancy was probably caused by the 
fact that I combined male and female peer partners into one "peer" category. This, in turn, 
was a consequence of relatively small sizes of studied groups, so that not all possible age-sex 
combinations were always available. This, however, is an indication of another 
phenomenon: young males, interact more with same sex, male partners, even if female peers 
are available (Fig. 3.4). The sex differences in the amount of play did not reach statistical 
significance in my study, unlike in some others (e.g. Owens 1975; Symons 1978; Bhan, 
Singh and Gupta 1984; Glick et al. 1986; Ehardt and Bernstein 1987) probably because of 
the group composition. As mixed-sex dyads constituted more than 50% of all dyads, the 
tendencies for males to play more might have been lowered by the tendencies for females to 
play less. Clear sex differences have also not been found in vervets (Lee 1983) and baboons 
(Cheney 1978), where small groups were studied. The females in this study did not play with 
peers more than with siblings (or vice versa), but they did play with peers more than with 
non-peers. Males, in contrast, tended to play with peers more than either with siblings or 
non-peers (Table 3.4). This shows that while matching strength and play abilities may be the 
factors influencing young males' play with various partners, whereas in females' play these 
factors may be rather a combined effect of familiarity and matching strength - peers are as 
good as siblings because they are relatively familjar and similar in size. Non-peers are not 
only physically stronger or weaker because of the age difference (like siblings), but also less 
familiar, and thus the least suitable play partners. Interestingly, the amount of initiations per 
hour of play was highest among non-peers and lowest among peers. This suggests that the 
two measures reflect different aspects of play: the total amounts of initiations simply reflect 
the total amounts of play; the relative intiations might indicate a quality of play: peers seem 
to play longest before needing another initiation to play. The play partners will be further 
discussed in Chapter 6. 
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In one of the first papers describing social grooming among rhesus monkeys as directed 
mainly to relatives, Sade (1965) argued that grooming was a behaviour uniquely suitable to 
reveal affiliation patterns in a group. Since then, a number of studies have shown that 
grooming in primates is performed largely among kin (Japanese macaques: Mori 1975; 
Kurland 1977; rhesus: Sade 1972; Ehardt and Bernstein 1987; bonnet: Silk et al. 1981; 
pigtail: Defler 1978; vervet monkeys: Lee 1987; baboons: Cheney 1978). When considered 
exclusively among immatures, grooming in rhesus males was more likely to occur in sibling 
or strongly affiliated peer dyads as opposed to weakly affiliated peer dyads, but siblings alone 
were not more likely grooming partners than others (Colvin and Tissier 1985). In vervet 
monkeys, grooming was more frequent in sibling than in non-sibling dyads (Lee 1987). In 
this study, patterns of grooming were very clear: siblings were the most frequent partners, 
then peers and least frequently non-peers. There was also a strong influence of age on 
grooming: Old Juvenile-Young Juvenile (OJIYJ) dyads were involved in grooming more 
than others, and Infants (IN), the youngest, were the group which groomed and was groomed 
the least. The last effect was probably due to infants being groomed a lot by mothers and 
siblings older than those in the study sample (see Nicolson 1987). Young females showed a 
tendency to groom other immatures more than young males did, which confirms the previous 
results (e.g. Ehardt and Bernstein 1987). 
Proximity patterns were generally similar to grooming ones: siblings spent more time 
together than non-siblings, but the difference between peers and non-peers was not as 
pronounced as in grooming. Because grooming is performed only when two monkeys are in 
contact, and therefore in close proximity, and because I did not exclude grooming time from 
close proximity time these results may be considered as dependent. However, as Fig. 3.13 
showed, the proportion of close proximity time spent on grooming seems to have been 
similar in all types of dyads and therefore not influencing directly the likeness of grooming 
and proximity results. Although by the age of about 6 months, rhesus monkeys spend less 
than 50% of their time away from mother (Hinde and Spencer-Booth 1967; Berman 1983), it 
seems reasonable to assume that their high rates of close proximity to siblings are caused by 
the mother's influence. First, it may be that both siblings seek proximity to their mother and 
thus find themselves in proximity to each other, secondly, their familiarity achieved through 
mutual closeness to the mother can further lead to their frequent association, regardless of the 
mother's presence. The familiarity, rather than any other mechanism, seems to be the most 
appropriate for explanation of higher grooming rates among siblings as well (Bekoff 1981). 
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Other theories, like kin selection (Hamilton 1964; Kurland 1977; Gouzoules and Gouzoules 
1987) or attractiveness of high ranking group members (Seyfarth 1977, 1983) seem to be 
more appropriate for adult monkeys. First, the quality of grooming by an immature monkey 
is not as good as that by an adult (Hinde and Spencer-Booth 1967), although it is probably at 
least adequate well before adulthood (Waiters 1987; from about 1.5 years of age in rhesus, 
pers. observation). Second, the amount of support in agonistic interactions received by 
immatures from other immatures is low (see Chapter 7). Third, the evidence that in this study 
young monkeys direct more grooming toward higher ranking individuals is not very strong 
(Chapter 7) unlike what has been found for adults (Stammbach 1978; Seyfarth 1980) and 
immature females in some species (bonnet macaques: Silk et al. 1981; baboons: Cheney 
1978; Walters 1981). Another argument that familiarity could be important is that peers at 
least tend to stay close to each other more often than non-peers and they also groom each 
other more often than non-peers. As the matching strength factor cannot apply to grooming 
as it does to play, the degree of affiliation seems to account best for this phenomenon. 
Finally, the data presented in this chapter confirm previous findings that the distribution 
of play among young monkeys does not depend on the relatedness of the partners, in contrast 
to grooming and close proximity (White 1977; Hayaki 1983; Baker and Estep 1985; Ehardt 
and Bernstein 1987; Lee 1987). These findings indicate that play has a different character 
from the other two behaviours. This contrast will be explored further in Chapter 6, where 
reciprocity patterns present in play will be compared with those in other behaviours. 
3.7 Summary and Conclusions 
Play, grooming and proximity were chosen to describe the patterns of affiliative 
interactions between young rhesus monkey siblings and non-siblings. The hypotheses tested 
concerned differences between siblings and non-siblings, age differences and sex differences. 
The patterns of interactions varied between studied behaviours. Siblings did not play 
significantly more than non-siblings, but they groomed and stayed in proximity with each 
other more than non-siblings. Among non-siblings, however, peers played more than non-
peers. Age had some effect on all three behaviours, although slightly different on each of 
them: infants and young juveniles played with · each other more than dyads including old 
juveniles, but dyads including infants groomed less than other dyads, and the dyads with a 
two-year age difference stayed in proximity less than dyads with a one-year or smaller age 
difference. Sex of the partners had only slight influence on the monkeys' behaviour: males 
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were more inclined to play with the same-sex partner than females, but females tended to 
groom more than males. 
These results, which show clear affiliation patterns among siblings, are discussed. The 
factors influencing amounts of time spent with partners on various behaviours are 
considered. It is suggested that familiarity with siblings is the main basis of grooming with 
them being longer than with non-siblings. In play, siblings and peers are equally good 
partners perhaps because the lack of familiarity with peers is compensated for by their 
matching strength, which, in turn, siblings do not have. The fact that non-peers, which are 
neither very familiar with each other, nor are of the same size and strength, are the least 
frequent play partners, seems to support this explanation. 
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Characteristics of Agonistic 
Interactions and Dominance 
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4. CHARACTERISTICS OF AGONISTIC INTERACTIONS 
AND DOMINANCE 
4.1 Introduction 
It is not quite clear whether there is less aggression between strongly affiliated partners 
than between those with weak affiliative bonds. Even within one species, the rhesus, there is 
evidence for each of the two possibilities. Bernstein and Ehardt (1986) have shown that 
young rhesus monkeys direct significantly more aggression towards and receive more 
aggression from kin than non-kin. Colvin and Tissier (1985), however, found that immature 
rhesus males were less aggressive both towards siblings and unrelated male peers with whom 
they had strong affiliative relationships than towards less affiliated male peers .. The evidence 
for sex differences in the amount of aggression in many primate species is also conflicting 
(reviewed in Smuts 1987). It has been hypothesized that the species differences in aggression 
depend on which sex migrates from the natal group. The members of non-migrating sex 
develop much stronger social bonds with each other than the members of migrating sex. As 
animals having strong affiliative bonds quite often are also more aggressive to each other 
than less affiliated dyads (e.g. Walters 1986), there may also be more aggression between 
members of non-migrating sex. Alternatively, in female-bonded primate societies like those 
of macaques, an infant female is a potential future competitor for adult females, whereas 
infant males will leave their natal group when they mature. This has been used as an 
explanation of the fact that adult females direct more aggression towards female than 
towards male infants (Silk et al. 1981). 
Agonistic interactions also provide a means for the acquisition of rank (Cheney 1977; 
Datta 1983a; Pereira 1989). The sequence of events during acquisition sometimes emerges 
clearly as follows: a younger individual shows submissive behaviour and retreats when 
attacked by an older one, but when in favourable circumstances it can start challenging the 
older aggressor, and after a shorter or longer period of challenge it may eventually come to 
dominate the older individual (HoITocks and Hunte 1983; Smuts 1987; Datta 1988). A 
dominance relation between monkeys emerges in a social context: the presence of possible 
allies, their willingness to help, the previous history of encounters between the two 
individuals. In most cases, it will also depend strongly on the relative sizes of the contestants 
(WaIters and Seyfarth 1987). 
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In this chapter, aggressive interactions between immature rhesus monkeys are considered 
in detail. The first part deals with a descriptive analysis of agonistic interactions between 
dyads of siblings and non-siblings. First, the rates of aggression between the two kinds of 
dyads are examined. Then, the comparisons are performed for various age classes. Thirdly, 
the percentages of the three types of aggressive interactions (Strong, Mild and Reciprocal, 
see Chapter 2) are compared among dyads. 
In the second part of this chapter I consider how individuals distribute their agonistic 
interactions between partners. The hypotheses tested here are as follows. 
1) Sibling differences: individuals are more aggressive towards siblings than towards non-
siblings (e.g. Bernstein and Ehardt 1986). 
2) Sex differences: the sexes are equally involved in agonistic interactions. 
3) Age differences: younger monkeys receive more aggression than they give. 
4) Family-rank differences: monkeys from low-ranking families receive more aggression 
than monkeys from high-ranking families. 
In the last part of this chapter I will try to assess dominance ranks between pairs of 
monkeys. Taking several cases as examples, I will describe the changes in their dominance 
ranks and discuss the possible factors influencing these changes. 
4.2 Analyses 
4.2.1 Dyadic comparisons 
The Mann-Whitney V-test was used to compare the rates of aggression per hour rates 
(see Chapter 2, section 2.7.1) between siblings' and non-siblings. Dyads with the same 
specific age difference were combined from both seasons (see Chapter 2, section 2.4.2.3), 
yielding three age groups among siblings (Old Juvenile-Young Juvenile, Young Juvenile-
Infant, Old Juvenile-Infant) and six among non-siblings (as above and three peer groups: Old 
Juvenile peers, Young Juvenile peers and Infant peers). Two-way anovas with repeated 
measures, with the Age Groups and Two-Month Blocks as factors, were performed on 
transformed aggression rates. Except for the analysis of the components of aggression, only 
data from focal observations were used. 
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4.2.2 Individual comparisons 
In comparisons between individuals the data from both focal and ad libitwn observations 
were used. The agonistic interactions in which a particular monkey was involved were 
divided into aggression given and aggression received. For analyses of the components of 
aggression, each category was further divided into Strong, Mild and Reciprocal aggression 
(see Chapter 2, section 2.6.3). All the above (aggression given, received, components) were 
always expressed as proportions or percentages of the total aggression in which a monkey 
was involved. 
Siblings versus non-siblings 
In the analysis of differences between aggression directed to and from sibling versus to 
and from non-siblings, only individuals which had at least one sibling and at least one non-
sibling were considered. Their scores of aggression were weighted by the number of 
available sibling or non-sibling partners and then compared by the Wi1coxon matched-pairs 
signed-ranks test, matching scores of aggression per sibling with those per non-sibling of 
each individual. As the hypothesis tested predicted the direction of difference (more 
aggression was expected towards siblings than towards non-siblings), the probabilities given 
are one-tailed. 
Sex differences 
In order to test the null hypothesis that the two sexes were equally involved in agonistic 
interactions a X2 test was performed on a combined sample from both seasons. In each 
season and in each pen a median of the total agonistic interactions was assessed and then 
individuals were divided into those below and above the median in their pen. If a monkey 
was a focal subject for both seasons and in one season was below while in the other above 
median it was discarded from the analysis. If it was a focal in one season only and its score 
was equal to the median, it was also discarded. If, however, it was focal in both and in one 
season had the median score but above or below median in the other, it was classified into the 
category according to the season in which its score differed from the median. 
Age differences 
Age differences between Old Juveniles, Young Juveniles and Infants were tested with the 
Kruskal-Wallis one-way analysis of variance. Proportions of aggression given and 
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Table 4.1 The comparisons of aggression rates between Siblings (Sib) and Non-siblings (N-Sib). 
Two-month N Scorest Z p+ 
block 
Sib N-Sib 
Season 1986-87 
Nov'86-Jan'87 13 30 Sib>N-Sib -2.91 0.01 
Jan-Mar'87 13 30 Sib>N-Sib -1.79 0.07 
Mar-May'87 13 30 Sib>N-Sib -1.26 0.20 
May-Jul'87 13 30 Sib>N-Sib -1.13 0.25 
Jul-Sep'87 13 30 Sib>N-Sib -0.11 0.91 
Season 1987-88 
Sep-Nov'87 11 36 Sib>N-Sib -1.84 0.06 
Nov'87-Jan'88 11 36 Sib>N-Sib -2.48 0.01 
Jan-Mar'88 11 36 Sib>N-Sib -1.82 0.06 
Mar-May'88 11 36 Sib>N-Sib -1.20 0.23 
May-Jul'88 11 36 Sib>N-Sib -0.55 0.57 
Jul-Sep'88 11 36 Sib>N-Sib -0.50 0.61 
t Sib>N-Sib - Siblings had more agonistic interactions per hour of observations than Non-
siblings. The relevant medians are in Fig. 4.1. 
+ Probabilities derived from M ann-Whitney U-test (two-tailed, corrected for ties). Significant 
differences and trends (0.=0.05) are in bold type. 
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aggression received were compared using the Wilcoxon matched-pairs signed-ranks test. 
Family rank 
The mothers of all focal subjects had a clear place in the adult females' dominance 
hierarchy in each pen. The hypothesis concerning the family-rank influence was that 
monkeys from low-ranking families received more aggression than those from high-ranking 
families. This hypothesis was tested by using the Mann-Whitney V-test between the 
proportions of aggression received by the offspring of high-ranking mothers (the top female) 
and those received by the offspring of low-ranking mothers (ranking third or lower, see 
Chapter 2, section 2.4.2.4). 
4.2.3 Dominance ranks 
The dominance ranks were assessed for all immatures in each group. Thus, all focal and 
non-focal dyads were considered. The method of assessment of a dominance hierarchy 
among immatures are described in Chapter 2, section 2.7.3.1). The dyads in which 
dominance rank was uncertain (never more than 17%) were further analysed. Ranks in dyads 
were predicted according to three following rules, in order: 
1. Older monkey will be dominant to a younger one. 
2. If of same age, male will be dominant to female. 
3. If of same age and same sex, a monkey from higher ranking family would be dominant 
to the one from lower ranking family. 
The last two rules refer ipso facto to non-siblings only. 
4.3 Results: Characteristics of Dyadic Agonistic_ Interactions 
4.3.1 Aggression rates 
In all two-month blocks the medians of siblings' aggression rates were higher than those 
of non-siblings (Fig. 4.1). The differences reached significance at a=0.01 in two periods. In 
three further periods the rates showed a tendency to differ between siblings and non-siblings. 
(The exact N, Z and p values of Mann-Whitney analyses are shown in Table 4.1.) 
Dyads matching in age were compared between seasons (Mann-Whitney V test) and as 
there were only few significant differences (Table 4.2) they were pooled into specific age 
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Table 4.2 The comparisons of aggression rates in dyads matching in age between seasons. 
CA) Siblings; CB) Non-siblings. 
A. Siblingst ,:j: 
Matching OJ - YJ YJ - IN OJ - IN 
two-month N1=5, N2=3 N1=3, N2=3 N1=5, N2=5 block 
V p V P V P 
Nov-Jan 2.0 0.14 0 0.1 7.0 0.31 
Jan-Mar 7.0 1.0 2.0 0.4 11.5 0.84 
Mar-May 4.5 0.39 1.5 0.2 12.5 1.0 
May-Jul 2.0 0.14 3.0 0.7 9.5 0.55 
Jul-Sep 6.5 0.78 3.5 0.7 10.5 0.69 
B. Non-siblingst ,:j: 
Matching OJ - YJ YJ - IN OJ - IN OJ Peers YJ Peers IN Peers 
two-month N1=5, N2=3 N1=3, N2=3 N1=5, N2=5 N1=4, N2=2 N1=2, N2=3 N1=3, N2=5 block 
V p V P V P V P V P V P 
Nov-Jan 19.5 0.53 17.5 0.05 9.5 0.02 2.0 0.53 2.0 0.8 6.0 0.78 
Jan-Mar 23.0 0.90 26.0 0.28 21.5 0.46 3.0 0.80 2.0 0.8 4.5 0.39 
Mar-May 21.0 0.71 27.5 0.32 19.0 0.33 1.0 0.27 1.0 0.4 5.0 0.57 
May-Jul 6.0 0.01 30.5 0.47 23.0 0.61 0 0.13 2.5 0.8 4.0 0.39 
Jul-Sep 15.0 0.25 26.0 0.28 21.5 0.46 2.0 0.53 3.0 1.0 5.0 0.57 
t Abbreviations: OJ - Old Juvenile, YJ - Young Juvenile, IN - Infant. NI indicates the number of 
dyads in the first season, N2 the number od dyads in the second season. 
:j: Probabilities derived from Mann-Whitney V-test (two-tailed). Significant differences (cx=0.05) 
are in bold type. 
Table 4.3 The comparisons of aggression rates. 
Type of dyadst Months' Effect:j: Age Effect:j: Interaction:j: 
df F P df F P df F P 
Siblings 
OJ-YJ < YJ-IN 4,48 4.96 0.01 1, 12 0.49 0.49 4,48 I.S0 0.21 
N1=8, N2=6 
OJ-IN < YJ-IN 4,S6 0.73 0.S7 1,14 0.20 0.66 4,56 0.61 0.66 
N1=IO,N2=6 
OJ-YJ > OJ-IN 4,64 1.69 0.16 1,16 1.89 0.18 4,64 2.22 0.07 
N1=8, N2=IO 
Non-siblings 
OJ-YJ > YJ-IN 4,120 0.94 0.44 1,30 4.39 0.04 4,120 1.34 0.26 
N1=14, N2=18 
OJ-IN < YJ-IN 4,124 2.53 0.04 1,31 0.0 0.97 4,124 2.95 0.02 
Nl=IS, N2=18 
OJ-YJ > OJ-IN 4,108 3.79 0.01 1,27 3.62 0.06 4,108 1.96 0.11 
N1=I4, N2=I5 
OJ peer < YJ peer 4,36 O.IS 0.96 1, 9 0.S3 0.48 4,36 2.47 0.06 
N1=6, N2=5 
YJ peer < IN peer 4,44 2.65 0.04 1,11 6.35 0.02 4,44 1.36 0.26 
N1=5, N2=8 
OJ peer < IN peer 4,48 0.40 0.81 1,12 10.42 0.01 4,48 1.88 0.13 
N1=6, N2=8 
OJ-YJ < OJ peer 4, 72 0.73 0.57 1,18 5.49 0.03 4, 72 1.76 0.14 
N1=I4,N2=6 
OJ-YJ < YJ peer 4,68 2.79 0.03 1, 17 1.89 0.18 4,68 1.09 0.37 
N1=14, N2=S 
OJ-IN < OJ peer 4, 76 1.75 0.14 1,19 15.40 0.001 4,76 3.10 0.02 
N1=15,N2=6 
OJ-IN < IN peer 4,84 4.85 0.001 1,21 O.OS 0.82 4,84 1.28 0.28 
N1=15, N2=8 
YJ-IN < YJ peer 4,84 1.91 0.11 1,21 10.82 0.01 4,84 1.83 0.13 
N1=18,N2=S 
YJ-IN < IN peer 4,96 1.78 0.13 1,24 0.08 0.78 4,96 0.72 0.S8 
N1=18,N2=8 
OJ-YJ > IN peer 4,80 0.93 O.4S 1,20 2.86 0.10 4,80 1.95 0.11 
N1=I4,N2=8 
OJ-IN < YJ peer 4,72 6.01 0.001 1,18 8.58 0.01 4, 72 1.49 0.21 
N1=IS,N2=S 
YJ-IN < OJ peer 4,88 0.25 0.91 1,22 19.25 0.001 4,88 2.07 0.09 
N1=18,N2=6 
t OJ - Old Juvenile, YJ - Young Juvenile, IN - Infant. Sign "<" or ">" shows the direction of difference. 
The relevant medians are in Fig. 4.2. 
:j: Probabilities derived from analysis of variance with Age-Combination and Two-Month Blocks as factors. 
Significant differences and trends (a=O.05) are in bold type. 
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samples. 
Time of the year had some influence over aggression rates (Table 4.3) and there was a 
number of significant differences and strong tendencies between aggression of different non-
sibling age groups. Old Juvenile peers were more aggressive to each other than Infant peers, 
more than OJ/lN dyads, and more than YJ/lN dyads (Fig. 4.2 B, C). Young Juvenile peers 
were more aggressive to each other than YJ/lN dyads and more than OJ/lN dyads. No 
differences were found between the aggression rates of sibling dyads from three age groups 
(Fig. 4.2 A). 
In summary, the Old Juvenile peer dyads emerged as the most aggressive among non-
siblings and dyads with older animals were more aggressive than dyads with younger ones. 
4.3.2 Components of aggression 
When proportions of Strong, Mild and Reciprocal aggression making up the total 
agonistic interactions observed for each dyad were compared, in the first season there were 
no differences between siblings and non-siblings. In the 1987-88 season, however, Strong 
Aggression among siblings contributed less to the total than among non-siblings (Mann-
Whitney test, N1=11, N2=36, U=121.5, p<O.05) and Reciprocal Aggression tended to 
contribute more to siblings' aggression than to that of non-siblings (N1=11, N2=36, U=130, 
p<O.07). 
4.3.3 Aggression and proximity 
Siblings spend more time in close proximity than non-siblings (Chapter 3). As shown 
above, there was also more aggression in sibling than in non-sibling dyads. There was a 
significant positive correlation between time spent. in proximity and rate of aggression in all 
immature dyads (Spearman rank correlation, season 1986-87: N=43, rs =0.404, p<0.01; 
season 1987-88: N=47, r =0.415, p<0.01). However, when the correlation coefficients were 
s 
calculated separately for siblings and non-siblings, there were no such significant effects 
were found (siblings: season 1986-87, r
s
=0.242, p=0.213; season 1987-88, r
s
=0.214, 
p=O.264; non-siblings: season 1986-87, r
s
=O.184, p=0.165; season 1987-88, r
s
=O.305, 
p=O.035). The most plausible explanation would be that the sample size of either siblings or 
non-siblings alone was not large enough to allow correlations to be statistically significant. 
On the other hand, the significant (and higher) correlation on the combined sample could 
have been accounted for by the fact that in siblings as a group both aggression and proximity 
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Table 4.4 Total amount of agonistic interactions with other immatures in which focal monkeys 
were involved (from combined focal and ad libitum sampling). 
Season 1986-87 Season 1987-88 Classification 
Name Sex for analysis:j: 
Totalt Median Hours of Totalt Median Hours of 
observation observation 
PEN 2 
Adrian M 118 130.5 105 - 130 134.75 
Beryl F 136 184 
Fried a F 184 252 
Gabriel M 124 130 
Hugo M - 91 
Nadia F - 122 
Petra F 141 191 
Samuel M 125 -
Vincent M 
-
90 
PEN 3 
Balbina F 168 185 105 214 207.5 115.5 
Clive M 174 -
Daniel M 255 244 
Gretel F 196 201 
Ingrid F - 129 
Pepe M - 165 
Tequila F 245 293 
Vanji F 162 -
PEN 4 
Florian M - 205 87.5 143 203 96.25 
Jomo M 206 241 
Mary F 202 -
Oona F 163 203 
Quintana F - 184 
Rapunzel F 205 251 
Trudy F 334 -
PENS 
Hamish M 83 87 52.5 46 46 38.5 
Kala F 87 -
Monika F - 46 
Rani F 92 -
t Minus sign "-" means that the monkey was not focal in that season. 
:j: Agonistic interactions of each monkey were classified according to their position relative to 
their pen's median. Thus, Below means that the monkey's score was below the pen's median, 
and Above means that it was above. 
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values were high and in non-siblings as a group both these values were low, which may have 
enhanced the correlation when the two groups were considered together. 
4.3.4 Aggression and rank 
The way of assessing the dominance ranks between young pairs of immature monkeys 
was described in Chapter 2 (section 2.7.3.1). The amount of aggression given by the 
subordinate partner in the dyad was compared between siblings and non-siblings, using the 
Mann-Whitney test. Subordinate monkeys were or tended to be more aggressive in sibling 
dyads than in non-siblings (season 1986-87: N1=12, N2=27, U=109, p<O.1; season 1987-88: 
N1=1l, N2=33, U=73, p<O.OI). 
4.4 Results: Individual Differences 
4.4.1 Siblings vs non-siblings 
The total amount of agonistic interactions was higher with siblings than with non-siblings 
(Wilcoxon matched-pair signed-ranks test, season 1986-87: N=17, Z=-1.89, p<O.02; season 
1987-88: N=14, Z=-1.73, p<O.04, Fig. 4.3). In the light of the fact that there was more 
aggression among siblings, testing percentages revealed relative contributions of each 
component to the total amount of agonistic interactions. Mild Aggression was the most 
frequent type of aggression among immatures (Fig. 4.4), both siblings and non-siblings. 
None of the differences between the two groups was significant in the first season. In the 
second, however, the percentage of Strong Aggression given was higher among non-siblings 
than among siblings (N=14, Z=-2.23, p<O.Ol), that is, reverse to the predicted direction, but 
the percentage of Reciprocal Aggression given was higher among siblings than among non-
siblings (N=14, Z=-1.70, p<O.05, Fig. 4.5). 
4.4.2 Sex differences 
The procedure described above (section 4.2.2 of this chapter) was used. From the sample 
of 28 individuals, 4 were rejected, all females (Table 4.4), yielding a sample of 11 males and 
l3 females in total. Out of these, 9 males were below the medians, 2 above; 6 females were 
below the medians, 7 above. No difference between the sexes was found (X2=3.23, p<O.07). 
A binomial test for males alone (out of 11, 9 below median, 2 above) yielded p<O.03, 
suggesting that immature males are involved in aggressive interactions less than the median 
level for their groups. 
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No sex differences in the proportions of aggression given or received, or in proportions of 
particular components of aggression were detected. 
4.4.3 Age difference 
In both seasons the differences among the three ages in proportions of aggression given 
and received were significant, with the youngest animals giving the least but receiving the 
most of aggression (Kruskall-Wallis anova, season 1986-87, NI (IN)=6, N2(YJ)=6, 
N3(OJ)==8, aggression given x
2
=8,41, p<O.01, aggression received X2==8,41, p<O.01; season 
1987-88, NI(IN)=8, N2(YJ)=6, N3(OJ)=6, aggression given X
2
=8.79, p<O.Ol, aggression 
received X2=8.79, p<O.OI). 
Aggression given versus aggression received were tested separately for Infants, Young 
and Old Juveniles. Among Infants, the proportions of aggression received were significantly 
higher than the proportions of aggression given (Wilcoxon matched-pair test, N=14, Z=-3.23, 
p<O.Ol). Among YJ there was no difference between the two proportions (N=12, Z=-O.16, 
p=O.8). Among OJ proportions of aggression given were higher than proportions of 
aggression received (N=14, Z= -2.1, p<O.05). 
4.4.4 Family rank 
In both seasons, young monkeys coming from low-ranking families received more 
aggression than those coming from high-ranking families (Mann-Whitney test season 1986-
87: NI=11, N2=5, U=3, p<O.01; season 1987-88: N1=8, N2=5, U=1, p<O.Ol). The monkeys 
from low-ranking families also received more aggression than they gave to other young 
monkeys (Wilcoxon test, one-tailed probabilities, season 1986-87: N==5, Z=-1.75, p<O.04; 
season 1987-88: N=5, Z=-2.02, p<O.02). The monkeys from high-ranking families, in 
contrast, gave more aggression than they received (Wilcoxon test, one-tailed probabilities, 
season 1986-87: N=11, Z=-1.96, p<O.03; season 1987-88: N=8, Z=-1.82, p<O.03). 
Interestingly, there was a sex difference in the rates of aggression received by low-
ranking Infants. Low-ranking females received higher rates of aggression than low-ranking 
males (median test: median=0,46, N males above=O, N males below==5, N females above=6, 
N females below=3, p<O.03). 
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4.5 Results: Dominance Ranks between Immature Monkeys 
At least 75% of the observed dominance ranks were predicted by the rules listed in 
section 4.2.2. The dominance hierarchies among immatures in each pen in each season are 
on Figures 4.6 - 4.9. Out of 11 sibling and 28 non-sibling dyads studied in both seasons 
(focal and non-focal combined), only in four did rank change from season to season: in one 
sibling, and three non-sibling dyads. This means that in about 90% dyads ranks were stable 
over two years. 
4.5.1 Siblings 
In four dyads in the first season, and in only two in the second, the older sibling did not 
dominate the younger. Out of the four cases in the 1986-87 season, one was sister-sister 
dyad: Trudy (older) - Rapunzel (younger), Pen 4, which had the dominance rank reversed to 
the advantage of the younger sister before my study had begun. This dyad was one of the two 
reversed rank dyads in the second season. Their ranks were still the same in July 1989. 
Another case was an older sister-younger brother dyad: Kala (older) - Hamish (younger), Pen 
5, but in the second season Kala managed to reverse the rank again, and was dominant to 
Hamish at the end of my study. The third case was an older brother-younger sister dyad: 
Dexter (older) - Kala (younger), Pen 5, where the younger sister reversed the rank with her 
older brother without any apparent help from other group members (no aiding in disputes 
was observed). This rank was stable until October 1987 when Dexter left the group. In the 
last case, a younger sister outranked her older brother: Clive (older) - Tequila (younger), Pen 
3. This case remained reversed until the end of my study (i.e. for two years), when Clive left 
the group. They were the second of the two dyads in the season 1987-88 which did not 
conform with predictions. 
4.5.1.1 Clive and Tequila - a case study 
The case of Clive and Tequila is described in more detail to illustrate a point that in 
favourable circumstances a younger monkey can become dominant to the older and stronger 
one. CIive was born in 1984, Tequila in 1985, so at the beginning of my study, Clive was 
about 2 years and 4 months old, Tequila was almost exactly one year younger (i.e. 1 year and 
4 months). Tequila and CIive had a 1983-born (older) brother, Kenneth, and a 1982-born 
(older) sister, Yvette (see Fig. 2.3 B). Before my study had begun, CIive managed to reverse 
his rank with Kenneth for a brief period of time; their mother, Sangria, helped CIive 
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(A) 
S D A F B M P G 
Samuel 17 25 32 18 9 15 35 
Dudley 1 37 4 5 5 6 11 
Adrian 3 2 10 10 8 17 24 
Frieda 1 2 9 35 23 47 32 
Beryl 4 3 9 10 11 11 29 
Manuel 0 0 1 0 1 6 10 
Petra 2 1 2 14 6 2 12 
Gabriel 0 1 8 0 0 7 7 
(B) 
S F A P B K G V H N 
Samuel 14 2 12 11 2 24 9 15 11 
Frieda 3 27 49 63 12 35 17 27 34 
Adrian 0 4 10 6 0 12 10 17 1 
Petra 5 20 3 25 3 18 16 14 32 
Beryl 2 6 6 13 10 28 16 11 21 
Kerman 0 2 0 0 1 3 3 4 12 
Gabriel 0 0 5 4 1 2 10 12 5 
Vincent 0 0 0 0 0 1 6 9 15 
Hugo 0 1 1 0 0 0 6 1 7 
Nadia 0 0 0 0 0 0 5 0 3 
Figure 4.6 Distribution of agonistic episodes (focal and ad libitum data combined) between 
dyads of immatures in pen 2. The approximate numbers of hours in which these episodes 
were observed are in Table 4.4. Monkeys are arranged in decreasing rank order. Each cell 
represents the number of agonistic episodes in which the monkey whose name appears in the 
corresponding cell of the first column was dominant (a winner) to the monkey whose initial 
appears in the corresponding cell of the top row. (A) Season 1986-87; (B) Season 1987-88. 
Thus in season 1986-87, in conflicts between Samuel and Dudley, Samuel was a winner 17 
times, and Dudley was a winner only once. 
CA) 
K V C D T G L B 
Kenneth 32 56 28 18 10 6 58 
Vanji 7 26 22 32 39 12 8 
Clive 3 11 24 26* 15 4 13 
Daniel 1 14 7 75 53 19 54 
Tequila 5 4 43* 1 16 3 32 
Gretel 0 5 1 3 15 16 30 
Lola 0 0 0 0 1 4 10 
Balbina 1 1 8 2 1 19 1 
CB) 
D T C G L P B I 
Daniel 93 5* 41 26 35 35 25 
Tequila 5 28 14 13 55 91 10 
Clive 11* 5 35 8 7 15* 11 
Gretel 7 6 4 31 9 40 46 
Lola 3 8 2 2 18 18 56 
Pepe 2 18 1 5 1 15 11 
Balbina 1 0 27* 10 6 12 9 
Ingrid 0 1 0 23 17 3 1 
Figure 4.7 Distribution of agonistic episodes (focal aI.1d ad libitum data combined) between 
dyads of immatures in pen 3. The approximate numbers of hours in which these episodes 
were observed are in Table 4.4. Monkeys are arranged in decreasing rank order. Each cell 
represents the number of agonistic episodes in which the monkey whose name appears in the 
corresponding cell of the first column was dominant (a winner) to the monkey whose initial 
appears in the corresponding cell of the top row. Cells describing dyads which did not 
conform with linearity (they ranked reverse than what the table indicates), are marked with an 
asterisk (season 1: Clive and Tequila; season 2: Clive and Daniel, Clive and Balbina). (A) 
Season 1986-87; CB) Season 1987-88. 
CA) 
R T J M 0 
Rapunzel 45 31 53 22 
Trudy 18 85 99 78 
Jomo 32 4 10 33 
1\1ary 3 5 7 24 
Oona 1 0 4 1 
CB) 
R J T M F Q 0 
Rapunzel 65 25 52 35 49 60 
Jomo 23 10 7 14 53 81 
Trudy 5 13 14 26 22 26 
1\1ary 1 6 0 1 8 23 
Florian 21 6 1 0 40 14 
Quintana 0 0 0 3 5 20 
Oona 1 2 1 0 8 17 
Figure 4.8 Distribution of agonistic episodes (focal and ad libitum data combined) between 
dyads of immatures in pen 4. The approximate numbers of hours in which these episodes 
were observed are in Table 4.4. Monkeys are arranged in decreasing rank order. Each cell 
represents the number of agonistic episodes in which the monkey whose name appears in the 
corresponding cell of the first column was dominant (a winner) to the monkey whose initial 
appears in the corresponding cell of the top row. (A) Season 1986-87; (B) Season 1987-88. 
CA) 
H K D F R 
Hamish 25 2 3 34 
Kala 14 11 12 45 
Dexter 2 4 6 16 
Frederick 3 2 2 5 
Rani 10 3 0 2 
CB) 
K H R M 
Kala 14 12 19 
Hamish 1 12 29 
Rani 5 7 37 
Monika 9 17 0 
Figure 4.9 Distribution of agonistic episodes (focal and ad libitum data combined) be~ween 
. . 5 The approximate numbers of hours in which these epIsodes dyads of unmatures m pen . 11 
d . T ble 4 4 Monkeys are arranged in decreasing rank order. Each ce were observe are m a ., . the 
represents the number of agonistic episodes in which the monkey whose name appears ~n .. 1 
corresponding cell of the first column was dominant (a winner) to the monkey Wh109s8e7m;~a 
. h (A) Season 1986-87; (B) Season -. 
appears in the correspondmg cell of t e top row. 
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consistently during his period of challenge (Datta and Janus, unpub1.). Suddenly, however, 
Sangria stopped her support for Clive. The reason for this is suggested by longitudinal 
observations of their pen. Sangria had a very turbulent and unstable relationship with the 
members of the dominant matriline: she never managed to outrank the alpha-female, but she 
kept challenging, sometimes successfully, alpha-female's adult and adolescent daughters. In 
this, Kenneth became a very valuable ally for Sangria, because as he was growing up, he 
became relatively much stronger and bigger than most of the other monkeys in the group. It 
might have been more advantageous for Sangria not to help anyone outrank Kenneth, as his 
position was high and very likely to influence the conflicts with the other family. 
There were several other dyads with an exactly similar age-sex combination in my 
sample, but only in one (described above Dexter-Kala) was there a reversal. As already 
mentioned, there was no evidence for any support in the Dexter-Kala case. Tequila, 
however, was in coalition with Kenneth or Yvette against Clive 11 times out of 71 in which 
she was the aggressor and Clive the target (7 out of 43 times in the first season, 4 out of 28 in 
the second). At the same time, both Kenneth and Yvette were dominant to Clive: Kenneth 
by dominating Clive in 56 out of 59 agonistic interactions (first season only, then Kenneth 
was removed), Yvette by dominating in 39 out of 40, and 20 out of 20 interactions in first 
and second season, respectively. 
Even when Kenneth was removed from the group at the end of my first season, Tequila 
maintained and reasserted her power over Clive. It may be interesting to note that the rank 
relationship between Clive and Tequila caused lack of linearity in the dominance structure of 
immatures in their group. Although Tequila dominated Clive she was subordinate to her 
male peer, Daniel, who was a son of the alpha-female. Daniel, however, remained 
subordinate to Clive until the removal of Clive from their group (Fig. 4.7). , 
4.5.2 Non-siblings 
When it was found that about 10% percent of non-sibling dyads did not conform with 
predictions based primarily on relative age, a secondary prediction was formed: that in some 
cases, relative family rank may predict dyadic rank better than age (Datta 1983a). This rule 
predicted all but one in each of the previously unpredicted ranks in each season. 
Additionally, in all these 9 cases (2 were common between two seasons) the younger, 
dominant monkey, was an offspring of the alpha-female in the group. 
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One of the two remaining cases was a male peer pair (Adrian - Dudley, Pen 2), where 
Adrian's mother was above Dudley's in the adult female hierarchy, but Dudley was clearly 
dominant to Adrian (Fig. 4.6). (It has to be noted, however, that their mothers occupied 
adjacent ranks.) In 7 out of the 38 agonistic interactions in which Dudley dominated Adrian, 
he was in coalition with his 2-year-older sister, to whom Adrian was subordinate. (Adrian 
was a first-born and did not have any older siblings.) Thus, even though Adrian was helped 
(by his mother or the alpha-female) on 6 out of 38 occasions when he was attacked by 
Dudley, and Dudley only on 2 out of 38, the presence of an ally, the older sister, seemed to 
be crucial in detennining the dominance rank between those two males. 
The last, most interesting case, involved the rank reversal between a male and a female 
two years younger than him: Clive (older) - Balbina (younger), Pen 3. They were not siblings 
but they were related: Balbina's mother was Clive's older sister, Yvette. And even though in 
the adult female hierarchy in this pen, Balbina's mother ranked lower than Clive's, she was 
dominant to Clive himself (see section 4.1.1). Sangria, Yvette's and Clive's mother, has 
never interfered on behalf of Clive in his conflicts with Balbina. Only occasionally did she 
help Clive when he was attacked by Yvette. Thus, it was Yvette's support which was 
instrumental in the rank reversal between Clive and Balbina. Yvette was involved in half of 
agonistic interactions in which Balbina was dominant to Clive, and in about 20% of cases 
where Clive was the aggressor, Yvette came to her daughter's aid which resulted in Clive's 
retreat. 
4.6 Discussion 
The agonistic interactions of immature rhesus monkeys as shown in this chapter were 
more frequent among siblings than among non-siblings. There are conflicting reports as to 
the distribution of aggression in primate groups. While some studies have shown that there 
is less aggression among relatives than among unrelated animals (e.g. vervets: Lee 1987), 
others demonstrated that there is more aggression among relatives (rhesus: Bernstein and 
Ehardt 1986; Japanese monkeys: Glick et al. 1986b), or even a lack of differences (rhesus: 
Colvin and Tissier 1985). On the other hand, although factors like age and sex (Dittus 1977; 
Eaton et al. 1981; Young et al. 1982), season (Wilson and Boe1kins 1970; Drickamer 1975; 
Eaton et al. 1981; Teas et al. 1982) or honnonal state (Michael and Zumpe 1970; Loy 1971; 
Dixson 1980) influencing aggression have often been studied, the kinship effect was often 
neglected. Relatives were either regarded separately from non-relatives (e.g. Datta 1983a, b) 
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or kin relations were not sufficiently known (e.g. Dittus 1977; Eaton et al. 1981; Teas et al. 
1982). 
In their study of the function of aggressive behaviour in rhesus monkeys, Bernstein and 
Ehardt (1986) argued that aggression could have positive function in the socialization 
process. In their view, most of aggression among kin, especially directed from older to 
younger animals, serves as a punishment for unacceptable behaviour. Negayama's (1981) 
finding that Japanese monkey mothers behave aggressively towards their infants as a reaction 
to the infants' behaviour, and Bernstein and Ehardt's own results showing that rhesus 
mothers and older siblings direct more aggression towards young monkeys than other group 
members, support their hypothesis. A large proportion of mothers' aggression towards their 
offspring in my study sample happened when the infant was behaving unacceptably, or 
annoyed its mother in some way (e. g. jumping over its mother's head, reaching to the nipple 
when mother was feeding or grooming, teasing a younger sibling etc.). Higher levels of 
aggression among immature siblings than non-siblings in my study seem to support 
Bernstein and Ehardt's (1986) hypothesis as well. 
The age influences on sibling aggression in my study are not as strong as among non-
siblings. It seems, however, that this may have been due to the exclusion of siblings more 
than 2 years older than the focal monkeys from the study sample. Another possibility is that 
in siblings as young as the focal sample the overall levels of aggression in a dyad do not 
reflect the differences as well as do the separate scores of aggression directed and received. 
The evidence for that explanation comes from the results of testing the hypothesis of age 
influence on aggression given and received by individuals: Infants received most aggression 
from other immatures, and gave least. They were also more often targets of aggression than 
aggressors, whereas Old Juveniles were more often aggressors than targets in immature 
aggression. The age differences in the involvement in agonistic interactions are well 
documented (Dittus 1977; de Waal 1977; Berman 1980; WaIters 1980; Hayaki 1983; 
Bernstein et al. 1983; Bernstein and Ehardt 1985) and generally agree with results from my 
study which indicate that the rate of aggressive encounters in which a monkey is involved 
increases with age. The most likely explanations of this developmental change are twofold: 
first, growing individuals become more serious competitors for resources, be they food 
sources (e.g. Pereira 1988) or social partners (e.g. Colvin 1985). In female-bonded primate 
species (cf. Wrangham 1980) mothers of female infants receive more aggression than 
mothers of male infants (rhesus: Simpson 1983) and young females receive more aggression 
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than young males (rhesus: offspring of low-ranking females, this study; bonnet: Silk et al. 
1981). The above facts support this first possibility: females will stay in their natal group and 
compete with adult females, while males will emigrate; therefore the establishment of a clear 
dominance relationship with a young female is more important than with a young male. 
Second, as they grow up, young animals become more socially competent and more actively 
involved in the social dynamics in their group (Walters 1987; Kuester and Paul 1988; Pereira 
1988), and therefore they also participate more fully in agonistic interactions (Cheney 1978a; 
Colvin 1985). The effect of age on the balance of aggression given and received (Infants 
receive more than they give, no difference in Young Juveniles, Old Juveniles give more 
aggression than they receive) reflects this developmental increase. 
There are reports of both possible sex influences on aggression: that males are more 
aggressive than females (e.g. toque macaques: Dittus 1977; infant baboons: Young et al., 
1982), or that females are more aggressive than males (e.g. rhesus: Loy 1984). Often, though, 
the direction of results depends on the measure used (e.g. pigtail macaques: Bemstein 1972; 
stumptail macaques: Bemstein 1980; Japanese macaques: Eaton et al. 1981; rhesus 
macaques: Teas et al. 1982; baboons: Seyfarth 1976). Bernstein and Ehardt (1985) reported 
that in rhesus macaques infant males were more aggressive than infant females but this sex 
difference reversed when they became juveniles. It is a very good illustration of the point that 
any sex differences are not inherent properties of a particular gender but rather a joint effect 
of this and many other additional variables (see Datta 1983c). Recently, de Waal suggested 
that the sex differences in the expression of aggression may be more qualitative than 
quantitative (1989a, b), as reflected in selectivity in reconciliating efforts. While females 
appear to reconcile readily with a limited set of partners, usually those with whom they have 
strong affiliative bonds (e.g. close relatives, close female associates), but bear persistent 
"grudges" to other group members, among males these patterns are much less evident. 
Generally, immature females in my study sample were slightly more involved in agonistic 
interactions than males (Table 4.4). This result, however, was due to a large proportion of 
the males being involved less than the group median, rather than to the females being more 
aggressive. 
Although there was more aggression among siblings than among non-siblings, the strong 
aggression component of siblings' interactions was lower than that of non-siblings' agonistic 
interactions. It seems to indicate that there is some constraint on the force of aggression 
among siblings. In sibling dyads, subordinates were responsible for more aggression than 
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subordinates in non-sibling dyads. It may be that among siblings, mother (or other relatives) 
support the subordinate sibling, which is usually younger as well, thus giving it confidence in 
its aggression to the older one. 
The dominance relations between monkeys in my study seemed to be relatively stable. 
They were also highly predictable on the basis of age, size, sex and family rank (see Berman 
1980b) only the last factor being influenced by social context. Considering the age range of 
the individuals studied here, it is perhaps not very surprising that the older monkey in a dyad, 
and, consequently, the bigger one, was usually dominant. (Unfortunately, precise data on the 
weights of the monkeys in my study sample was not available.) Size alone, however, cannot 
account for acquisition of dominance ranks. Datta (1988) suggests that a reversal of rank 
between siblings depends on at least two factors: relative size, which may be ,considered as 
an indication of fighting ability, and, number of allies, which in turn indicates social power 
(see also Datta 1983a, b). Similar rules apply to unrelated individuals, where maternal rank 
functions as an indication of social power (e.g. Cheney 1977; Lee and Oliver 1979; Datta 
1983b; Johnson 1987; Chapais and Larose 1988; Pereira 1989), although sometimes they 
seem to work differently for females and males (e.g. Johnson 1987). The presence and 
actions of a powerful ally (mother, older sister, older brother; see also Chapter 7) did 
influence some rank reversals in my study too, but there was no evidence of such influence in 
others. Also, in the case of Tequila and Clive (see section 4.5.1.1 above) their ranks remained 
reversed despite the difference in size and disappearance of Tequila's main ally. (It must be 
noted, however, that both Sangria, Tequila and Clive's mother, and Yvette, their older sister, 
occasionally helped Tequila against Clive.) Similar cases have been reported for non-sibling 
dyads among Japanese macaques (Chapais and Larose 1988). Therefore, it has to be 
concluded, that although there are very strong and consistent factors determinating 
dominance relations among young monkeys, the ' idiosyncrasies of some of them are not 
predictable on the basis of the theories and data available so far. 
4.7 Summary and Conclusions 
Aggression between immature monkeys is here considered to be as important an aspect 
of their relationships as the affiliative interactions are. Siblings were more aggressive 
towards each other than non-siblings. Monkeys also received more aggression from their 
siblings than from non-siblings, which was consistent with some previous studies of 
aggression among kin and non-kin. The explanation put forward by Bernstein and Ehardt 
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(1986) was that aggression among kin forms a part of the socialization process of a young 
monkey. The results from my study seem to support this explanation. Age had little 
influence on the levels of agonistic interactions in sibling dyads, but among non-siblings the 
dyads with Old Juveniles were always more aggressive than dyads including younger 
monkeys. This result was confirmed by the individual differences: the youngest age group, 
Infants, gave the least but received the most aggression. The age differences are explained in 
terms of the changes in a young monkey's position in its group which occur during the 
monkey's development. The older the individual is, the more seriously it competes with 
other monkeys for various resources, and the more actively it participates in agonistic 
interactions. Males' scores of aggressive interactions were usually low when compared with 
the aggression levels in their groups, but females were equally likely to be more and less 
involved in agonistic interactions than the median group levels. As there is rather conflicting 
evidence concerning sex differences in aggression levels in primate literature, these results 
are not considered conclusive for the assessment of the hypothesis. 
Dominance ranks between pairs of immature monkeys were largely predictable on the 
basis of their relative age, sex and family ranks. They were also stable with few exceptions, 
which are described in greater detail to illustrate the fact that rank reversals can be facilitated 
by circumstances such as the presence of powerful allies who are willing to help. 
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5. RECIPROCITY IN PRIMATES: A REVIEW 
In view of the many approaches taken to assess behavioural reciprocity and its function 
in primate societies, this chapter aims to order these approaches and their usefulness as well 
as to justify my own approach to the subject. I begin with a theoretical framework on which a 
concept of reciprocity has been built, then I discuss the variety of assessments and definitions 
devised to describe reciprocity together with the results achieved using them. Finally, I 
attempt to answer how comparable these results are with each other and how much we can 
learn about primate social relationships by using the concept of reciprocity. 
5.1 Theory behind the Concept 
Since reciprocity in primate literature has often been linked with Trivers' theory of 
"reciprocal altruism" (1971), it has to be emphasized that there can be reciprocity without 
altruism. (As Moore (1984) claims, there may also be altruism without reciprocity.) In order 
to make this clear, a brief outline of the reciprocal altruism theory is presented. 
5.1.1 Reciprocal altruism and kin selection 
In Trivers' theory (1971, 1985), an altruistic individual (the actor, or altruist) behaves in 
a way which is costly to himself, but brings benefits to another individual, the recipient. 
Costs and benefits are measured in terms of "retardation and increase in the rate of 
reproduction of genes" (see Trivers 1971), or, in other words, in terms of "fitness", which can 
also be understood as the proportion of an individual's own genes in population's gene pool 
in the next generation. According to the reciprocal altruism theory, altruistic behaviour can 
evolve only if altruists behave altruistically preferentially towards those individuals who 
return their altruism. This theory predicts the conditions for altruistic behaviour among 
non-relatives. Hamilton's kin selection theory (1964) deals with the cases of altruism 
between two related individuals. According to Hamilton, individual fitness consists of two 
components: 1) the individual's production of surviving offspring, but only those it would 
have had if not exposed to any help from others, and 2) the others' production of those 
surviving offspring, which resulted from the individual's altruistic action, devalued by the 
coefficient of relatedness (Hamilton 1964; Grafen 1984). If kin selection is to favour a 
supposedly altruistic trait, it has to meet Hamilton's rule: an increase in the fitness of the 
recipient, weighted by the degree of relatedness between the actor and the recipient, must be 
greater than the actor's (altruist's) decrease in fitness. Thus, animals are expected to behave 
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altruistically mainly towards kin: the closer the kinship, the greater the likelihood of 
altruism. 
There are some very basic problems with the use of the term "altruism". In his original 
paper (1971), Trivers describes an "altruistic" situation as one in which "one individual can 
dispense a benefit to a second greater than the cost of the act to himself'. Such situations are 
essential for the "altruistic" behaviour to be selected for. Both in this definition and in the 
examples given by Trivers (e.g. cleaning symbioses), it is quite clear that the supposedly 
"altruistic" behaviour in fact incurs very small costs for the altruists. In kin selection theory, 
the altruistic act is repaid to the altruist by his gain in inclusive fitness. In fact, this benefit of 
the act must be greater than was the cost, otherwise the behaviour would not have evolved. If 
these theories, then, are describing situation in which an individual receives considerable 
returns for a behaviour which is not very costly for him, then it does not seem appropriate to 
call this behaviour altruistic at all. Altruism, in common usage, implies that one individual 
does something for nothing, at a cost for himself. This cost may be very low (e.g. if a 
millionaire gives one thousand pounds for a charity, it is an altruistic act, even though he 
probably would not even notice the loss of such a sum), but the essential part of altruism is 
not the cost, but the lack of benefit. One may argue that for the millionaire the praise or 
gratitude he receives as a benefactor is very rewarding. We are still, however, waiting for 
evidence that an abstract feeling of gratitude is not only present among other animals, but 
also appreciated as a reward. I would like to stress that I do not think that humans are unique 
in being "altruistic" in their behaviour. My point is that the label of "altruism" put on certain 
situations by Trivers, seems to have lost its quality of being only a label, and became 
synonymous with what it was supposed to describe. 
Many behaviours have been considered as. "altruistic": social grooming, coalition 
formation, agonistic aiding, food sharing, adoption (e.g. Packer 1977; Kurland 1977; Silk 
1982; Seyfarth and Cheney 1984). The difficulties in assessing the "altruistic" character of 
these behaviours have also been recognized (e.g. Altmann 1979; Dunbar and Sharman 1984; 
Silk 1987). Dunbar and Sharman successfully argued that social grooming did not have such 
high costs for the actor as would be expected if it was an altruistic behaviour: animals 
seemed to groom others at the cost of their resting time, and not, as it was thought before, of 
their feeding time. Dunbar and Sharman proposed instead that grooming might be 
advantageous for the groomer in terms of securing alliances from the groomee. If this is true, 
and the actual costs of grooming for the groomer are negligible, as they suggest, then there is 
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no need at all to invoke altruism in such case. Silk (1987) recognized that "it is often 
difficult to measure the effects of behavioural acts upon the genetic fitness of the 
participants". In many cases, it is just as difficult to know precise degrees of relatedness 
between participants. Support in agonistic conflicts also does not necessarily have to be very 
costly for the supporter. There is evidence that even mothers hardly ever help their offspring 
against animals higher ranking than themselves (Horrocks and Hunte 1983; Netto and van 
Hoof 1986). On the other hand, single interactions in primate societies do not occur 
independently from each other, (Hinde 1983a) and thus acts which are judged as "altruistic" 
by observers often contribute to long-term aspects of relationships. As Hinde (1975, 1983a) 
points out, it is not appropriate to seek a functional explanation for every single interaction. 
Additionally, much human behaviour considered as altruistic (e.g. food sharing) may in fact 
have been purely selfish in origin (Blurton Jones 1984; Moore 1984). In a recent article, 
Hinde (1989) warned against ascribing altruism to other variants of human behaviour, 
especially patriotism, as it may confer a generalized positive value on them. 
5.1.2 Behavioural reciprocity 
The basis of the concept of behavioural reciprocity is, as the dictionary definition puts it, 
giving and receiving something in return (Oxford English Dictionary, Sykes 1984). This 
basis has been recognized in all the definitions used in research. It should be noted here again 
that reciprocated behaviours need not be "altruistic" (in the sense given above), and indeed 
very often they are not. The precise "of what", "when" and "with whom" the reciprocation 
takes place are open to interpretation. Reciprocity has been proposed to be limited to an 
exchange of like benefits only (e.g. food for food, help for help; Bertram 1982), defined as 
trading of behavioural acts at different times (Wilson 1980), or used to describe an exchange 
of different behaviours (e.g. Seyfarth and Cheney 1984; Smuts 1985). This issue will be 
further discussed in the next section. Together with comp!ementarity, reciprocity has been 
considered to be a feature of interactions and relationships (Hinde 1979). In short-term 
interactions, the reciprocity has usually been understood as an equal balance of giving and 
receiving by two interacting individuals; in longer-term relationships it has proved to be 
more difficult to define. According to Hinde (1979), the balance or imbalance in reciprocal 
and complementary interactions in humans may be complex and idiosyncratic, thus making it 
inappropriate to attempt to characterize a relationship as a whole as reciprocal or not. 
Generally, for the purpose of the study of primate behaviour, a reciprocal relationship has 
been considered as one in which two partners exchange similar or different behaviours 
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(Dunbar 1980; Smuts 1985, p. 255; Seyfarth and Cheney 1988b). 
The concept of reciprocity in human relationships has appeared in writings of Piaget 
(1965) and Sullivan 0953, both cited in Youniss 1980). Youniss (1980) provided a 
synthesis of both Piaget's and Sullivan's approaches to child's social development which 
proved to have much in common. This synthesis is relevant to the understanding of 
reciprocity in young monkeys, and it is outlined briefly here. 1 A child participates in two 
distinctive forms of interpersonal interactions, one with adults, the other with peers. The 
interactions with adults occur first, and dominate child's pre-school years; interactions with 
peers do not begin until in pre-school age, but continue thereafter. The main difference 
emphasized by Youniss lies in the roles of the child and his partner in those two forms of 
interactions. The adults' disproportionately larger background knowledge about the world is 
the basis of complementary, unequal interactions: the child accepts adults as authority and 
what they say as objective truth. In contrast, the child's position in interactions with peers is 
that of an equal. Instead of accepting other child's meanings, they construct them together, in 
joint, reciprocal activities. This forms the basis for better mutual understanding and for 
development of reciprocal friendship. In this theory, it is argued that the child develops an 
ability to put himself in other person's position and thus develops the potential for mutual 
understanding only through interactions with peers (Youniss 1980, p. 22). Of course, it need 
not be so. Just as there are monkey mother-infant dyads whose behaviour is better integrated 
than in other dyads (Hinde and Simpson 1975), also some human parents and caretakers are 
more likely to understand a child and form a reciprocal relationship with him or her than 
other parents. The important point in Youniss' synthesis is that the nature of relationships 
with adults is complementary, and the nature of relationships with peers is reciprocal. In real 
life, there is no sharp distinction between one type and the other: neither monkey nor human 
infants interact exclusively with adults and same-age partners, there are slightly older, 
slightly younger children, various adults, and, most importantly, often siblings around. 
Therefore perhaps there is also a continuum between largely complementary interactions 
with most adults and largely reciprocal interactions with most age-mates. However, the 
1. Note: from now on I will refer to Youniss' synthesis rather than to original works by Piaget or Sullivan. 
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Piaget-Sullivan theory clearly implies that we can expect reciprocity in interactions with 
age-mates. In this study, such an expectation is extended from human children to non-human 
primates' young. 
In a sociological theory concerning the world of adults, Gouldner (1960) saw reciprocity 
as a universal and fundamental norm built from only two requirements: 1) one should help 
those who helped one, 2) one should not injure those who helped one. Such rules could 
provide a society with a mechanism for cohesion (by forming obligations between people), 
and they could be a starting mechanism for the formation of a social group. The risk of 
initiating a positive gesture towards a new partner is minimal if a rule of reciprocation is 
followed, as the other would also respond with a positive gesture. Sahlins (1965) gave 
Gouldner's views an anthropological perspective showing that immediate reciprocity in kind 
may have been an underlying mechanism for group formation in many diverse cultures. 
Youniss (1986) carried Sahlins' and Gouldner's points further into the development of 
relationships. He suggested that during the course of the development of a friendship the 
practice of literal reciprocation (e.g. taking turns in playing with a toy) is replaced by a 
conditional reciprocity depending on the need of the partner. A child visiting a sick friend in 
hospital and cheering him up would not receive anything in an immediate return. However, if 
this child were later sick and hospitalized, he in turn would be visited and comforted by his 
previously ill friend (a view of friendship by 9-10 year olds, Youniss 1986). These changes 
in what exactly is reciprocated with the development of relationship have been recognized by 
Sahlins (1965) as well. He suggested that in "distant" relationships the terms of exchange are 
definite, in "close" ones these terms are not so strictly observed; participants exchange 
equivalent but not identical acts and, as in the example given above, there may be an 
indefinite time gap between the actual acts. Holmes (1981) suggested that direct 
reciprocation in close relationships may be destructive for them, because it implied lack of 
trust between partners. Very similar characterization of mammalian social relationships has 
been reached by Gregory Bateson (1972). He described them as either "symmetric" 
(symmetric being equivalent to "reciprocal"), "complementary", or a combination of the two. 
Wade (1977), testing Bateson's hypothesis, suggested that in primate societies 
complementary relationships are much more common and thus are probably more stable and 
typical than reciprocal ones. It seems, however, that some relationships considered as 
"complementary" by Bateson, could be classified as reciprocal according to the definition 
used by Smuts (1985, see above), in which reciprocity is based on an exchange of different 
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behaviours and thus there is no reciprocity in kind within each of the exchanged behaviours. 
It is then necessary to remember that a reciprocal relationship can be built from both 
reciprocal and complementary behaviours. 
Exchange theories (reviewed in Hinde 1979) try to explain reciprocal gIvmg and 
receiving in humans. These theories are concerned with the problem that relationships 
cannot be viewed as sums of interactions; relationships have additional properties which 
result in part from the fact that giving and taking is an exchange occurring in time and within 
a social context (Hinde 1979). The exchange theories are also concerned with the problem of 
unequality of rewards being exchanged (rewards here could mean objects like goods or 
money, or behaviours, like service, information or love; Foa and Foa 1974). Foa and Foa 
concluded that it did not matter from whom one receives money, information or goods, but 
the identity of the giver mattered when love was given, slightly less so when it was status or 
services; a person who gives money away, automatically has less for himself, but the one 
who gives love has more love. 
Several points emerged from the theories presented above. 
1) Direct reciprocation of similar acts can happen between partners who are not very familiar 
with each other. 
2) Direct reciprocation can be a starting mechanism for the development of a long-term 
relationship. 
3) Reciprocity is more likely between partners who are similar in at least some aspects (like, 
for example, age or strength), and less likely between partners whose goals and interests 
differ (for example, parent and child), unless one partner accommodates himself. 
4) During the course of development of a relationship, direct reciprocity is replaced by less 
rigid reciprocity in which different (rather than similar) acts are exchanged. 
5) Precise description of what is being considered as reciprocal exchange in an interaction 
and relationship is needed before any empirical study can begin. 
5.2 Research on Reciprocity 
As has been mentioned above, in definitions of reciprocity one thing remains the same: it 
is giving and receiving something in return. The concept of reciprocity has been used to 
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Table 5.1 Summary of characteristics of the five types of reciprocity discussed in the text. 
Type of Focus of Time scale Characteristics of 
of acts 
reciprocity attention 
given received 
1) Individual individual undescribed action directed to the same action 
a number of other received from the 
individuals same group of 
individuals 
2) Dyadic dyad generally un- specific action the same specific 
(or direct) described, directed to a action received 
specified for specific partner from the same 
each study specific partner 
3) Temporal dyad defined, as above as above 
short-time 
4) Relational dyad undescribed pattern of asso- pattern of asso-
(in affiliation) ciation in a specific ciation in a specific 
patterns) behaviour (or subset behaviour (or subset 
of them) with a of them) by that 
specific partner, specific partner, 
in relation to in relation to 
other partners other partners 
5) Exchange dyad undescribed, action or actions different action or 
within a rela- short- or long- direc ted to a actions from that 
tionship term specific partner specific partner 
Measure 
ratio of acts 
given to and received 
from many partners 
by an individual 
ratio or correlation 
of acts given by each 
partner over a certain 
amount of time 
ratio or correlation 
of acts given by each 
partner in iinmediate 
response for the 
other's action 
correlations, 
covariances, 
or difference scores 
between partners' 
positions in each 
other's hierarchy of 
partners 
probability of an 
action of one partner 
being followed by 
other action of the 
other partner 
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study a wide range of subjects and behaviours, hence a variety of working definitions of 
reciprocity have been employed. In this section, I intend to present those definitions and 
assessments which formed bases for empirical studies of reciprocity. 
Studies of behavioural reciprocity among humans have been popular over a long time. It 
would be impossible to try and review them all here. I will therefore concentrate on 
summarizing several types of reciprocity studied as reviewed by Ross et al. (1988) and 
present a few others which could further comparative studies between human and non-human 
primates. 
Ross et al. (1988) discussed four types of reciprocity in early social interactions. These 
were as follows: 1) individual - balance in a given type of behaviour given and received by 
the individual, whoever the partner; 2) dyadic - balance in behaviour that two individuals 
direct to one another; 3) temporal - the immediate return in kind of a particular behaviour; 4) 
relational - the mutuality of adjustments in relationships. The fifth type, which I included 
here is the exchange of different behaviours within a relationship. Characteristics of all five 
types are summarized in Table 5.1. 
5.2.1 Individual reciprocity 
Individual reciprocity has aspects of a trait concept. Thus the kind of individual 
reciprocity shown is characteristic of the individual being considered. It can depend on the 
social position of a child in a group: Bonn (1987) studied 6-year-old children classified as 
social isolates by the criteria of low interaction rates. The reciprocity of both positive and 
negative behaviours (expressed as the ratio of behaviours given to the sum of behaviours 
given and received) for isolates were lower than for control children, thus indicating that 
social isolates directed less of both types of behaviours to their peers than they received from 
them. In contrast, the isolates were more often directing submission, and seeking help and 
approval to their peers, than they were targets of these behaviours. 
There is also a potential for a description of primate behaviour in this definition. For 
example, aggression among immature monkeys in my study sample, was not characterized 
by individual reciprocity: infants received more aggression than they gave, old juveniles 
gave more than they received, thus suggesting a developmental trend (see Chapter 4). The 
imbalance in various behaviours given and received by primates have been reported quite 
often (e.g. in grooming among many others: Simpson 1973; McKenna 1978; Ehardt and 
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Bernstein 1987), although it has not been called individual reciprocity. 
5.2.2 Dyadic reciprocity 
An exchange between two partners is the basis of the second type of reciprocity reviewed 
by Ross et al. (1988), called dyadic. This type refers to the symmetry of behaviour that two 
individuals direct to one another. Therefore, the exchange is in the same currency - the same 
behaviour. The time-scale over which the exchange takes place is not defined (as in 
individual reciprocity). From studies reviewed by Ross et al. it becomes obvious that the 
reciprocity can depend on time-scale. For example, it was found that the dyadic reciprocity in 
verbal communication among toddler peers was very high during an observational session, 
but minimal between sessions. 
Dyadic reciprocity is commonly used in literature on primate behaviour as "reciprocity" 
only. Although grooming certainly has been the favourite behaviour for the assessment of 
reciprocity in primates, reciprocity in responsibility for proximity maintenance and, 
occasionally, in play initiations has also been studied. 
Grooming 
Juvenile baboons were groomed by their mothers at higher rates than they groomed their 
mothers (Cheney 1978a) but there was more reciprocity between mother-daughter dyads than 
between mother-son dyads. Chimpanzee adolescents, however, reciprocated grooming with 
their mothers almost equally (Nishida 1988), but again grooming between mothers and 
daughters became reciprocal sooner than did grooming between mothers and sons. Colvin 
and Tissier (1985) found that immature sibling male rhesus monkeys reciprocated grooming 
more than less affiliated dyads. Dyadic reciprocity in grooming has been studied in relation 
to grooming quality by Saunders (1987) who ' established that adult female baboons 
reciprocated hygienic grooming bouts (i.e. serving to remove parasites), but not social ones. 
The degree of grooming reciprocity was also related to the dominance status (e.g. Seyfarth 
1977; Silk 1982; Mehlman and Chapais 1988), kinship (e;g. Kurland 1977; Silk 1982), 
individual characteristics and relationships (e.g. Simpson 1973; Wade 1977; Dunbar 1983), 
gender and relationship quality between partners (Smuts 1985), and a female's reproductive 
cycle (Mehlman and Chapais 1988). The measures used were: mean number of grooming 
bouts exchanged per interaction (Dunbar 1983), bout lengths (Saunders 1987), relative rates 
(Cheney 1978), proportions (Silk 1982), percentages (Smuts 1985), number of bouts or 
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amounts of time (Colvin and Tissier 1985; Mehlman and Chapais 1988) of grooming by each 
partner. Sometimes indices are specially devised, and they usually incorporate some fonn of 
a ratio of time spent grooming by one partner to either sum of grooming by both partners 
(Kurland 1977; Nishida 1988) or to time spent grooming by the other partner (Janus 1987). 
The way in which an index is calculated determines the range of values obtained and which 
values of that index indicate perfect reciprocity, and which lack of it. It can be that the 
middle value of the range is an indication of reciprocity (and thus similar to the non-index 
measures, like percentages), and extreme values are indications of who is responsible for all 
the grooming, in indices which are calculated relative to one category of dyad members (e.g. 
older partner: Kurland 1977, mother: Nishida 1988). Otherwise, if a heterogenous sample of 
dyads is studied, the extreme values indicate perfect reciprocity (1) or lack of it (0), (Janus 
1987, see also Chapter 2 section 2.7.2, and Chapter 6 of this study). Finally, more 
sophisticated measures using correlational matrices have also been used to assess reciprocity 
(e.g. Wade 1977; de Waal and Luttrell 1988; Hemelrijk in press). 
The measures are usually chosen on the basis of the type of data and the goal of the 
study. The indices and more complicated measures of reciprocity are often found when 
reciprocity of interactions or relationships was one of or the object of the study. However, 
when reporting on reciprocity is only a side issue, then simpler measures, like percentages 
are more frequent. As every one of these measures was calculated on the basis of data 
collected in a slightly different way, it is difficult to comment on their accuracy. Most authors 
discuss the limitations of measures they applied. When they do . not do so, it has to be 
assumed that they took the particular limitations of their data into account before reporting 
their results. 
Proximity maintenance 
The classic studies on reciprocity in proximity maintenance were done by Hinde and co-
workers (Hinde and Spencer-Booth 1967; Hinde and Atkinson 1970; Hinde 1977; Hinde and 
Proctor 1977) in a mother-offspring relationship. By calculating the difference between the 
percentage of approaches and the percentage of leavings due to one individual of a dyad a 
measure of its responsibility for proximity maintenance is obtained. A positive measure 
indicates that this individual is mainly responsible, a negative one that its partner is, and a 
. measure close to 0 indicates that their contributions are similar, in other words, reciprocal. 
Using these criteria, Hinde and his colleagues were able to demonstrate a developmental 
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change in mother-infant relationship in rhesus monkeys: until about three and a half months 
of age, infants were less responsible for proximity than their mothers, between four and five 
months, their roles were reciprocal, and from about six months on the infant was more 
responsible for proximity with its mother than the mother herself. These methods of 
assessment, sometimes slightly modified, have been used by others in studies of immature 
relationships with siblings and peers (Colvin and Tissier 1985; Chapter 6) or adult male-
female relationships (Rasmussen 1983; Smuts 1985). 
Play 
Play is the third social behaviour for which dyadic reciprocity has sometimes been 
reported among primates. The definitions of reciprocal play vary. For Lee (1981) a 
reciprocal play bout was one in which the invited monkey accepted the invitation; similarly 
for Suomi (1977) reciprocated play initiations were those which were not ignored. The 
measures of play or play initiations were then, according to these definitions, also measures 
of reciprocal play or reciprocated initiations. According to Colvin and Tissier (1985), 
reciprocity in play meant that both partners initiated the same amount of play acts. The 
measure they used was the percentage of total play acts due to the dominant partner. 
Interestingly, they found that play hits and bites were not reciprocal, but approach-
withdrawal was. Colvin and Tissier's definition of reciprocity in play reflects more than just 
responsiveness to play initiations unlike the first two definitions. My assessment of play 
interaction reciprocity among immature rhesus monkeys (Janus 1987, see Chapter 2) was 
based upon Colvin and Tissier's definition, and expressed as a ratio of initiations by the 
partners, regardless of the kind of play. Reciprocity of play, grooming and proximity 
interactions, which is the subject of the next chapter, conforms in its essentials to the Ross et 
al. (1988) dyadic type ofreciprocity. 
5.2.3 Temporal reciprocity 
Most of the primate studies mentioned above did not set rigid time-limits within which a 
given behaviour was supposed to be returned to be defined as reciprocal. Usually, 
assessments of reciprocity were based on scores which were combined over a period of 
several days, weeks or months, (or even lifetime, Dunbar 1980). The third kind of 
reciprocity, listed by Ross et al. (1988) is temporal reciprocity. Here the criterion is the time 
within which a child's behaviour is returned in kind by the partner. It is, therefore, dyadic 
reciprocity with a time limit, and perhaps should not be classified apart. Emphasising the 
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timing of the actions (e.g. Gottman 1983), restricts the term of reciprocity only to the 
immediate exchange. This approach has been criticised (see Holmes 1981) along the lines of 
Gouldner (1960, and above): an immediate return may characterize a very superficial 
relationship, whereas a flexibility in the acts exchanged and certain delay in the actual 
exchange may be a sign of trust and thus of a long-term relationship. Also, if periods of time 
in which each partner's contributions are balanced vary between dyads (Holmes 1981) then a 
longer time-scale is more appropriate than a shorter one, because it would detect more 
reciprocated instances. Too short a time-scale may give false impressions of non-reciprocal 
behaviours. 
5.2.4 Reciprocity in adjustments and affiliation patterns 
The last type of reciprocity mentioned by Ross et al. (1988) is relational reciprocity, and 
this is the one which Ross herself (Ross and Lollis 1989) has studied. In relational 
reciprocity, an individual's behaviour with a specific partner is compared to a baseline, 
consisting of the behaviour of this individual directed to many social partners, and then 
matched with that of the partner (Ross et al. 1988). 
Relational reciprocity 
According to Ross and her colleagues, the existence of a relationship effect in children's 
behaviour (assessed by estimations of variance in behaviour of different children towards the 
same partners, Ross and Lollis 1989), reflects unique adjustments children make to particular 
partners. The reciprocity of a relationship effect (measured by a co-variance) reflects a 
mutual adjustment. Ross and Lollis (1989) found that such reciprocity existed among toddler 
peers in total contributions to games and in responses to socially directed actions by their 
partners, but not in conflicts. This concept of relati.onal reciprocity is a property of groups of 
interactions rather than of a relationship as a whole and thus comes close to Hinde's 
argument (1979, p. 81). However, as it stands, the groups of interactions could be those 
similar in kind (e.g. positive, neutral and negative) or those interactions which could be 
expected to be linked with each other by the mechanism of exchange (e.g. grooming and 
agonistic aid in primates). 
Reciprocity in patterns of affiliation 
Reciprocity or symmetry in partners' affiliation to each other, also mentioned by Ross et 
al. (1988) under the heading of "relational reciprocity", has been studied both among 
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children (e.g. Howes 1988) and primates (e.g. Colvin and Tissier 1985; Lee 1987). 
Bukowski and Hoza (1989) stressed the importance of reciprocated partner choice as a 
criterion for identifying friendship between children. In children assessment of partner 
choice has usually been based on sociometric measures (Gresham 1981; Newcomb and 
Bukowski 1984; Asher and Dodge 1986; see Bukowski and Hoza 1989 for a review), with 
the exception of Strayer (1980) who used a "behaviourally-based first-preference criterion", 
by taking a child's relative interaction scores: the first preference partner was the one with 
whom the score was the highest. Gresham (1981) used two types of sociometric measures, 
which are generally characteristic to this type of research: peer nominations - children 
nominate a number of classmates (e.g. three) who they would most like to play with, work 
with and who were their best friends, and peer ratings - children rated all classmates 
according to how much they like to play and work with them. It is assumed that nominations 
reflect the child's choice of friends, whereas rating measures reflect overall acceptability in 
the peer group. In order to validate these measures, Gresham (1981) used a third one, 
behavioural observations on initiating and receiving positive and negative peer interactions. 
He found that the correlations between behavioural and other measures were low or 
moderate. It might have been due to the fact that the behavioural measures did not reflect 
specifically the identities of partners (the scores of giving and receiving interactions were 
averaged across all partners). However, Hartup (1989) cites a few studies which have 
demonstrated an agreement between measures obtained by sociometric interviews and those 
obtained by observations of children's social interactions. Masters and Furman (1981) 
showed that although popularity scores among 4- and 5-year olds correlated with positive 
and neutral social behaviour, a child's selection of a specific liked peer was not related to that 
peer's overall social behaviour, but rather to the specific interaction between that peer and 
the child. Masters and Furman concluded that selection of friends relies more on 
relationship-specific factors than on more global ones. This partly explains lack of 
correlations between sociometric and behavioural measures in Gresham's (1981) study. The 
importance of relationship-specific factors also means that an individual's behaviour cannot 
be meaningfully averaged across partners in most cases; children's, and monkeys ' , behaviour 
vary with the identity of their partners. 
In studying primates' relationships, we have to rely on their behaviour to judge who are 
their most frequent associates. Sometimes multiple choice tests are performed to assess 
partner preference (Suomi et al. 1973). Similar preferences for a variety of partners in such 
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tests, however, need not mean that in a more natural setting these patterns would be the 
same. Although patterns established in a preference test are sometimes similar to those 
judged by the amount of grooming between dyads (Stammbach 1978), such tests remain a 
rather artificial and not always feasible method of assessment. Usually, the amount of time 
spent with different partners has commonly been used as a base for assessment of so called 
"partner preferences". Rasmussen (1983) used the frequency of approaches as a measure of 
preference between male and female adult baboons; Colvin (1983a) and Colvin and Tissier 
(1985) used time spent in proximity to measure affiliation between young rhesus males. In 
his study, the affiliation patterns were reciprocated, in the sense that if male A was male B's 
first, second or third most frequent proximity partner, B was A's first, second or third most 
frequent proximity partner as well. A combination of proximity and grooming scores was 
used by Smuts (1983) to determine "special relationships" between male and female adult 
baboons (cf. Smuts 1983, 1985); Dunbar (1983b) took a criterion of 10% social time or more 
to distinguish between "partner" and "non-partner" female gelada baboons' associates. 
Except for Smuts' and Dunbar's studies, the term "preferred partner" was usually employed. 
The above methods of assessment, however, do not measure "preference". The amount of 
time a monkey spends with another only tells us who is its most frequent partner, and not 
who is its most preferred-partner. It could happen that monkey A would prefer to spend more 
time with monkey B than with monkey C, but B is less available than C (for example, B is 
high ranking and A is afraid to approach it as often as it would like to), and thus A spends 
more time with C than with B. A researcher would conclude that C is A's most preferred 
partner, whereas in fact it is B. 
It has been argued in literature on children's relationships that popularity, reflected by 
sociometric ratings, and friendship, reflected more accurately by sociometric nominations 
and behavioural measures, have distinct theoretical origins and make different contributions 
to a child's development (Bukowski and Hoza 1989). The measures based on patterns of 
affiliation in primates are closer to sociometric nominations than to the ratings. Ratings could 
probably be compared with the number of social partners which can be assessed for primates. 
The question arises: which of the two, the relative frequency of interactions with partners 
(nominations), or the number of partners (ratings),is better suited to reflect the preference? 
On the basis of the available data, it is indeed impossible to answer this question. It seems, 
therefore, that the usage of the term "preference" is not legitimate, even though it has been 
used so frequently in primate literature. Also, there are probably just as elegant and far more 
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accurate ways of describing the affiliation patterns among primates, without necessary using 
an ambiguous term such as "preference" (e.g. Dunbar 1983b; Smuts 1983, 1985). 
5.2.5 Reciprocal exchange of different behaviours 
Reciprocal exchange of different behaviours has been considered by primatologists for 
some time. It was often labelled "altruistic" (see section 5.1.1), though the evidence for 
altruistic character of behaviours exchanged was not always very strong (see Dunbar and 
Sharman 1984, section 5.1.1 of this chapter). Social grooming and support in agonistic 
context have often been presumed to be linked in such reciprocal exchange (e.g. Seyfarth and 
Cheney 1984). Seyfarth and Cheney were able to show that grooming between unrelated 
vervet monkeys increased the probability of subsequent attention to an alarm call by the 
previous grooming partner. Other studies suggested similar links between grooming and 
alliances or reduced aggression (e.g. Stammbach 1978; Dunbar 1980; Silk et al. 1981), 
although the causal link between the two was not shown so clearly as in Seyfarth and 
Cheney's study. Dunbar's (1980) study of female gelada baboons showed that females who 
interacted with each other were more likely to support each other. However, when only those 
females who interacted more than the median proportion of time were considered, there was 
no correlation between grooming and probability of support. Such a finding seems to fit 
theories described earlier: reciprocity in exchange does not necessarily have to be direct in 
stable relationships (Gouldner 1960; Youniss 1986; see section 5.1.2); the fact of interaction 
may be more important than the amount of it (Dunbar 1980, 1983a). Recently, however, 
Dunbar (1988) argued that there might be some alternative explanations that do not invoke 
reciprocity. His arguments are as follows. First, in species where affiliated partners often 
support each other in conflicts, grooming is usually reciprocated by return grooming. This 
point is relatively straightforward to prove (or disprove) simply by looking at reciprocity of 
grooming interactions at the dyadic level. There is little evidence that it is indeed so. My 
results show that grooming among young rhesus monkeys is rarely reciprocated in kind; even 
if two monkeys groom each other relatively often, one of them is usually responsible for 
more than two thirds of all grooming (see Chapter 6, Table 6.10), and there was no indication 
of high grooming reciprocity in dyads which members helped each other in conflicts (see 
Chapter 7, Table 7.4). Similar results have been reported for adults (e.g. Stammbach 1978; 
Silk 1982; de Waal and Luttrell 1988; but see Dunbar 1983b for evidence of reciprocated 
grooming among adult female gelada baboons). Dunbar's (1988) second argument is that in 
exchange of grooming for support the imbalance of costs to the advantage of the groomer 
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would be far too great (time spent grooming for a possible risk of injury) for this mechanism 
to have evolved. It is possible, however, that neither of the two behaviours is very costly and 
thus the question of imbalance would not arise: it has been shown that grooming cannot be 
considered as an "altruistic" behaviour (Dunbar and Sharman 1984), and support is rarely 
given against animals ranking higher than the supporter (Horrocks and Hunte 1983; Netto 
and van Hoof 1986). On the other hand, Waiters and Seyfarth (1987, p.317) hint that 
grooming by low-ranking individuals may be repaid at a very low rate by support in alliances 
from high-ranking ones, thus making it difficult (and unnecessary) for researchers to assess 
precisely which grooming bout was exchanged for which episode of coalition formation (see 
also Seyfarth and Cheney 1988b). Dunbar's third point is that if the waste of time is 
considered to be the cost of grooming for the groomer then it is an equal cost for the 
groomee, who is constrained from doing anything else while being groomed. This point is 
arguable as well. I have observed many instances of a "chain grooming" in our rhesus 
colony, where one monkey grooms a second, which in turn grooms a third (see also de Waal 
1989b), as well as falling asleep or relaxing by the groomed monkeys (Sade 1965; Boccia et 
al. 1989). Dunbar's alternative explanation (1988) of links between grooming and agonistic 
help is as follows. Since to fonn a coalition individuals have to be able to predict a potential 
ally's future behaviour, grooming may serve as an opportunity to maintain sufficiently 
frequent interactions, through which they obtain the necessary familiarity. I consider this 
hypothesis as very plausible (indeed, familiarity seems to be a key feature of reciprocal 
relatio~ships in immature rhesus monkeys, see Chapter 7), however, I would argue with the 
justification of making it an alternative explanation. I would rather suggest that reciprocal 
exchange of grooming for help does not occur in dyads which have not achieved a certain 
degree of familiarity, or affiliation. Reciprocity in such exchange seems to require a certain 
trust and knowledge about each other between p~tners, and as such cannot exist without 
familiarity. It seems, therefore, that Dunbar's (1988) hypothesis complements the reciprocity 
hypothesis rather that contradicts it. Relatively strong evidence for behavioural reciprocity in 
exchange in primate relationships comes from Smuts' (1983, 1985) study on baboons, 
mentioned above. Smuts (1985) suggested that reciprocity may be the mechanism underlying 
the fonnation of "special" (Le. very close) relationships between male and female savannah 
baboons. She showed data for 1) infants' benefits from male care, 2) females' ability to offer 
important advantages in return, and 3) differential distribution of females' favours to some 
males at the expense of others. These data support her hypothesis that males care for and 
protect infants and their mothers in order to derive reciprocal benefits from females and 
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infants. 
I would like to consider formation of reciprocal alliances in primates as an example of 
reciprocal exchange here, though strictly speaking, it is not an exchange of different 
behaviours. However, it cannot be viewed simply as a dyadic reciprocity either. First, 
because it does not occur within a dyad only. An alliance shows a bond between two 
monkeys as they act against a third. Every intervention in favour of someone is also an 
intervention against someone else (de Waal and Luttrell 1988). Second, although similar in 
character, an alliance returned can never be identical in kind. Grooming given, for example, 
is usually the same as grooming received (but see Saunders 1987, for reciprocation of 
grooming of different quality). However, support given and received is usually markedly 
different, since no two individuals occupy exactly the same place in the group hierarchy. The 
interference in conflicts of others depends on many complex factors, such as relatedness, 
ranks, age, costs and benefits (see Datta 1983c). Therefore some hypotheses attempt to 
explain why some alliances are reciprocal, and they make certain testable predictions. Thus 
Cheney's (1977) model of formation of reciprocal alliances predicted that most of them 
would occur between animals of adjacent rank, since the costs and benefits would be similar 
for such animals. Her own study on immature baboons confirmed these predictions. Dunbar 
(1980, 1984), on the basis of his studies on gelada females, suggested that reciprocity over a 
lifetime may explain females' tendency to form coalitions with daughters rather than other 
relatives (e.g. siblings) or unrelated females. Only a parent-offspring bond can be a strong 
enough foundation to allow for temporally asymmetrical relationships which may return a 
profit only at the end of a lifetime. Male olive baboons in Packer's study (1977) supported 
each other in a pattern which conformed to the predictions from the Trivers' (1971) theory of 
reciprocal altruism and also to Gouldner's (1960) reciprocity norms (section 5.1.2 above): 
the males formed coalitions with those individuals who were likely to help them in turn. 
Except for chimpanzees, however, no primate species has shown a "revenge" reciprocity in 
harmful interventions (de Waal and Luttre1l1988). 
Research by Foa and others (see Foa and Foa 1974, for review) based on the exchange 
theory (see above) among humans showed that the acts exchanged tended to be within the 
same category of the six identified by the Foas: money, goods, service, love, status, 
information. These categories were arranged in a circular order (money was between 
information and goods), and in some cases the exchange took place between acts from 
neighbouring categories. However, if exchange of acts from distant categories was forced on 
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experimental subjects (e.g. money for love), it led to a high dissatisfaction from the 
"transaction". If we can assume that grooming and alliances in primate social relationships 
are both manifestations of a close bond and "friendship" between partners, then perhaps it is 
not surprising that they may exchange one for another. Before more clear evidence is 
available, it is difficult to distinguish in non-human primates between a real exchange and a 
simple concurrence of frequent grooming and alliance formation. 
5.2.6 Summary 
In this section several kinds of reciprocity studied in human and non-human primates 
have been presented. They range from reciprocity in behaviours of an individual to a delayed 
reciprocal exchange of different behavioural acts between individuals. Definitions for 
assessing reciprocity usually vary with the behaviour or set of behaviours investigated. This 
is entirely appropriate, as long as the essential feature of the reciprocity concept, i.e. giving 
and receiving something in return is kept. It has also been shown that there is an overlap of 
problems and issues connected with reciprocity between human and primate studies. The 
same concepts of reciprocity can usefully be applied both to human and non-human primate 
behaviour. In my view, just as knowledge on human behaviour can benefit from insights on 
primate relationships, primatology too can find concepts and ideas originally developed for 
studying human relationships useful in approaching the partially solved and unsolved 
mysteries of primate social relationships. 
5.3 Contributions for the Study of Relationships 
Before any general conclusions can be drawn on how much we have learned about social 
relationships using the concept of reciprocity, a further question about comparability of the 
results achieved with such a variety of working definitions of reciprocity has to be asked. 
5.3.1 Comparability of results 
Problems with comparability arise not from the concept of reciprocity itself, but from the 
different ways in which the dictionary definition can be cast as an assessment methodology. 
There are three points which must be checked before any comparison can be made. First, the 
kind of behaviours in question: are these the same (like grooming) or different (like 
grooming and alliances). Second, the time-scale underlying the assessment: is the reciprocity 
in grooming assessed over a lO-minutes observation period, a week, a month or a season. It 
is quite obvious, that they are not the same, and some time-scales are much more open to 
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bias than others (see discussion of reciprocity measures in Chapter 2, section 2.7.2). Third, 
what kind of score is used and in what way, for the assessment (see section 5.2.2 above). In 
most cases no two studies would use exactly the same method of assessment. This does not, 
in my opinion, prevent making comparisons. All that is necessary is to be cautious in 
drawing far-reaching conclusions about across-situation or across-species similarities (or 
lack of them) on the bases of insufficiently compatible indices. 
5.3.2 The place and role of reciprocity in social relationships 
On the basis of the research reviewed above, some patterns in reciprocity can be 
described. First, relationships between parents and offspring are almost always non-
reciprocal. Some degree of reciprocity can be achieved with mature offspring, and then 
reciprocity is higher in mother-daughter than in mother-son dyads, but usually such a 
relationship can be reciprocal only in lifetime terms. In relationships between partners less 
unequal than parents and offspring, like peers, or even adult males and females, direct 
reciprocity (i.e. dyadic reciprocity in kind, see section 5.2.2) in social behaviours is probably 
the first step towards establishing a close relationship. Direct reciprocity could also provide a 
basis for group formation. Reciprocity in patterns of affiliation is usually an indication of the 
good quality of a relationship or even of friendship. In the course of the development of 
relationships, direct reciprocity may be substituted with a delayed exchange, or exchange of 
different acts. However, among humans these acts, even when different, seem to belong to 
similar categories; it might also be the case for primates, but more research is needed. 
Although there is no doubt in the literature that the mutual understanding of some norms or 
rules between partners is the mechanism of human reciprocal exchange, there is much 
discussion about the mechanism underlying reciprocity in non-human primates. Reciprocal 
altruism and kin selection have been put forward (!.s hypotheses, but they require behaviours 
exchanged to be "altruistic". Another possibility, especially if the behaviours exchanged 
cannot be considered "altruistic" but are not harmful to the performers either, is that they are 
indeed exchanged following the rule of reciprocity. However, the delay in exchange and its 
subtlety makes evaluation of this possibility difficult. 
5.4 Conclusions 
In this chapter, theories on the evolution and development of reciprocity have been 
reviewed. I have tried to show that research on reciprocity in human and non-human primate 
social relationships has much in common. The concepts are, in fact, almost identical, and in 
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most cases working definitions applied to research could be used in both fields without 
change. Reciprocity can have a descriptive value, indicating a quality of a relationship; it can 
also be a dynamic feature indicating a developmental stage of individuals as well as their 
relationship. Thus, it is quite clear that the many levels on which reciprocity has been studied 
reflect different dimensions of relationships between partners. The conclusion reached here 
is, therefore, that the concept of reciprocity provides a useful framework for evaluating 
relationships, especially when several types of reciprocity can be examined in relationships 
of human or non-human partners. 
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6. PATIERNS OF RECIPROCITY IN SOCIAL INTERACTIONS 
6.1 Introduction 
The concept of reciprocity has generally been used to refer to the nature or degree of 
involvement of two individuals in an interaction or relationship (e.g. Hinde 1979; Co1vin 
1983a; Rasmussen 1983). Interactions have usually been understood as reciprocal when 
there is an equal balance of giving and receiving by two interacting individuals (Hinde 
1979). For example, if two monkeys groomed each other for approximately equal amounts of 
time, their grooming was labelled reciprocal (Co1vin and Tissier 1985; Wade 1977). Similar 
definitions have been used to establish reciprocity in the responsibility for proxuruty 
maintenance (Hinde and Atkinson 1970; Hinde and Proctor 1977; Hinde 1977), or 
reciprocity in play (Co1vin and Tissier 1985). 
More recently, in a study of grooming between mothers and offspring in chimpanzees, 
Nishida (1988) suggested that the ability to reciprocate grooming might be a "precondition 
for development of more flexible use of social grooming in a complicated social setting". 
Taking Nishida's point further, it may be hypothesized that if young monkeys are capable of 
reciprocating behaviour on an immediate basis, they are also able to form reciprocal 
relationships, where different kinds of behaviours are exchanged, for example help in an 
agonistic context for grooming. In other words, reciprocity might be a behavioural pattern 
which, once achieved in one behaviour, can be transferred to other types of behaviours and 
relationships. 
In order to test the above hypothesis it is necessary to find out to what extent young 
monkeys are able to reciprocate behaviours in kind. Therefore, in this chapter I focus on 
three problems: 
1) are siblings more reciprocal than non-siblings in their interactions; 
2) are siblings reciprocal partners more often than non-siblings; 
3) do patterns of reciprocity vary with the behaviour. 
6.2 Analyses 
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6.2.1 Interaction Reciprocity 
Play Interaction Reciprocity (IR) in a dyad was based on the ratio of play initiations by 
each member of a dyad. Grooming IR was based on the ratio of the amount of time partners 
spent grooming each other. Proximity IR was based on the difference between a ratio of 
approaches and a ratio of leavings of each other's proximity by each partner. The methods of 
calculating Interaction Reciprocity (IR) indices are explained in Chapter 2, section 2.7.2. IR 
in each behaviour deviated very significantly from the normal distribution (see Chapter 2, 
section 2.7.2 and Fig. 2.4-2.6). Therefore no parametric tests were performed on these 
measures. The Mann-Whitney U-test was used to compare siblings with non-siblings, with 
peers and with non-peers, and peers with non-peers in each two-month block. Differences in 
IR among dyads of various sex-combinations (male-male, female-female and mixed-sex) as 
well as age-combinations (Old Juvenile-Young Juvenile, Young Juvenile-Infant, Old 
Juvenile-Infant, Old Juvenile peers, Young Juvenile peers, Infant peers) were tested in each 
two-month block with the Kruskal-Wallis one-way analysis of variance. Apart from this, the 
same statistics were calculated for seasonal IR indices, which gave one value of IR for each 
dyad in each behaviour in the whole season (Chapter 2, section 2.7.2). 
6.2.2 Partner reciprocity 
For each individual two or three "top" partners in each behaviour were found. These were 
the ones with whom the individual spent most time in a particular behaviour (see Chapter 2, 
section 2.7.3.2, for details). If each of two monkeys was the other's top partner, they were 
called reciprocal partners, or just reciprocal. The differences in partner reciprocity between 
siblings and non-siblings were tested with the X2 test. 
Additionally, among non-reciprocal partners dyads lacking reciprocity and reciprocal in 
disregard were distinguished. In the group lacking reciprocity were those dyads in which one 
monkey was one of the other's top partners, but the reverse was not the case. Dyads in which 
neither monkey was the other's top partner were classified as reciprocal in disregard. 
6.3 Results: Interaction Reciprocity 
6.3.1 Siblings versus non-siblings 
Grooming in most two-month blocks was characterized by higher Interaction Reciprocity 
among siblings than among non-siblings (Fig. 6.2 A), reaching significance in two of them 
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Table 6.1 A The comparisons of play IR (Interaction Reciprocity) between Siblings (Sib) and 
Non-siblings (N-Sib). 
Two-month N Scorest Z p:j: 
block 
Sib N-Sib 
Season 1986-87 
Nov-Jan'87 11 25 N-Sib>Sib -0.05 0.95 
Jan-Mar'87 12 29 Sib>N-Sib -2.13 0.03 
Mar-May'87 13 29 N-Sib>Sib -0.91 0.36 
May-Jul'87 12 28 Sib>N-Sib -2.35 0.01 
Jul-Sep'87 12 25 Sib>N-Sib -1.43 0.15 
Season 1987-88 
Sep-Nov'87 10 26 N-Sib>Sib -0.82 0.41 
Nov'87-Jan'88 11 34 Sib>N-Sib -0.32 0.74 
Jan-Mar'88 11 34 Sib>N-Sib -1.75 0.08 
Mar-May'88 11 35 Sib>N-Sib -0.36 0.71 
May-Jul'88 11 29 N-Sib>Sib -0.41 0.68 
Jul-Sep'88 11 28 Sib>N-Sib -1.28 0.20 
t Sib>N-Sib - Siblings had higher play IR scores than Non-siblings; N-Sib>Sib - Non-siblings 
had higher play IR scores than Siblings. The relevant medians are in Fig. 6.1 A. 
:j: Probabilities derived from Mann-Whitney V-test (two-tailed, corrected for ties). Significant 
differences and trends (a=0.05) are in bold type. 
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Table 6.1 B The comparisons of play IR between Siblings (Sib) and Peers (peer). 
Two-month N Scorest Z p:j: 
block 
Sib Peer 
Season 1986-87 
Nov'86-Jan'87 11 8 Peer>Sib -1.16 0.24 
Jan-Mar'87 12 9 Sib>Peer -1.18 0.23 
Mar-May'87 13 9 Sib>Peer -0.07 0.94 
May-Jul'87 12 9 Sib>Peer -1.14 0.25 
Ju1-Sep'87 12 8 Sib>Peer -0.43 0.66 
Season 1987-88 
Sep-Nov'87 10 10 Peer>Sib -0.53 0.57 
Nov'87-Jan'88 11 10 Sib>Peer -0.14 0.88 
Jan-Mar'88 11 10 Peer>Sib -0.77 0.43 
Mar-May'88 11 10 Peer>Sib -0.07 0.94 
May-Ju1'88 11 10 Peer>Sib -1.62 0.10 
Jul-Sep'88 11 10 Sib>Peer -0.21 0.82 
t Sib>Peer - Siblings had higher play IR scores than Peers; Peer>Sib - Peers had higher play IR 
scores than Siblings. The relevant medians are in Fig. 6.1 B. 
:j: As in Table 6.1 A. 
Table 6.1 C The comparisons of play IR between Siblings (Sib) and Non-peers (N-Peer). 
Two-month N Scorest Z p:j: 
block 
Sib N-Peer 
Season 1986-87 
Nov-Jan'87 11 17 Sib>N-Peer -0.60 0.54 
Jan-Mar'87 12 20 Sib>N-Peer -2.25 0.02 
Mar-May' 87 13 20 N-Peer>Sib -1.27 0.20 
May-Jul'87 12 19 Sib>N-Peer -2.57 0.01 
Jul-Sep'87 12 17 Sib>N-Peer -1.72 0.08 
Season 1987-88 
Sep-Nov'87 10 17 N-Peer>Sib -0.91 0.36 
Nov'87-Jan'88 11 24 Sib>N-Peer -0.35 0.71 
Jan-Mar'88 11 24 Sib>N-Peer -2.75 0.01 
Mar-May'88 11 25 Sib>N-Peer -0.51 0.60 
May-Jul'88 11 19 Sib>N-Peer -0.41 0.67 
Jul-Sep'88 11 18 Sib>N-Peer -1.72 0.08 
t Sib>N-Peer - Siblings had higher play IR scores than Non-peers; N-Peer>Sib - Non-peers had 
higher play IR scores than Siblings. The relevant medians are in Fig. 6.1 B. 
:j: As in Table 6.1 A. 
Table 6.1 D The comparisons of play IR between Peers (Peer) and Non-peers (N-Peer). 
Two-month N Scorest Z p:j: 
block 
Peer N-Peer 
Season 1986-87 
Nov'86-Jan'87 8 17 PeeDN-Peer -1.38 0.16 
Jan-Mar'87 9 20 PeeDN-Peer -0.61 0.54 
Mar-May' 87 9 20 N-PeeDPeer -1.32 0.18 
May-Jul'87 9 19 PeeDN-Peer -1.40 0.16 
Jul-Sep'87 8 -17 PeeDN-Peer -0.90 0.36 
Season 1987-88 
Sep-Nov'87 10 17 N-PeeDPeer -0.22 0.83 
Nov'87-Jan'88 10 24 PeeDN-Peer -0.27 0.78 
Jan-Mar'88 10 24 Peer>N-Peer -2.91 0.01 
Mar-May'88 10 25 PeeDN-Peer -0.78 0.43 
May-Jul'88 10 19 PeeDN-Peer -1.83 0.06 
Jul-Sep'88 10 18 PeeDN-Peer -1 .29 0.19 
t PeeDN-Peer - Peers had higher play IR scores than Non-peers; N-PeeDPeer - Non-peers had 
higher play IR scores than Peers. The relevant medians are in Fig. 6.1 B. 
:j: As in Table 6.1 A. 
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Figure 6.1 Play Interaction Reciprocity (IR) indices in consecutive two-month blocks 
throughout two seasons. (A) Siblings and Non-siblings; the sample sizes and results of 
statistical analyses are in Table 6.1 A. (B) Siblings, Peers and Non-peers; the sample sizes 
and results of statistical analyses are: between Siblings and Peers are in Table 6.1 B, between 
Siblings and Non-peers in Table 6.1 C, and between Peers and Non-peers in Table 6.1 D. 
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Table 6.2 A The comparisons of grooming Interaction Reciprocity (IR) between Siblings (Sib) 
and Non-siblings (N-Sib). 
Two-month N Scorest Z p:j: 
block 
Sib N-Sib 
Season 1986-87 
Noy'86-Jan'87 12 19 Sib>N-Sib -1.03 0.30 
Jan-Mar'87 11 19 Sib>N-Sib -2.55 0.01 
Mar-May' 87 11 14 Sib>N-Sib -0.36 0.71 
May-Jul'87 10 14 Sib>N-Sib -0.65 0.51 
Jul-Sep'87 12 17 Sib>N-Sib -0.85 0.39 
Season 1987-88 
Sep-Noy'87 9 16 Sib>N-Sib -0.85 0.39 
Noy'87-Jan'88 9 22 Sib>N-Sib -1.72 0.08 
Jan-Mar'88 10 17 Sib>N-Sib -1.68 0.09 
Mar-May'88 11 23 Sib>N-Sib -1.22 0.22 
May-Jul'88 9 18 Sib>N-Sib -2.38 0.01 
Jul-Sep'88 7 11 Sib>N-Sib -0.15 0.88 
t Sib>N-Sib - Siblings had higher grooming IR scores than Non-siblings. The relevant medians 
are in Fig. 6.2 A. 
:j: As in Table 6.1 A. 
Table 6.2 B The comparisons of grooming IR between Siblings (Sib) and Peers (peer). 
Two-month N Scorest Z pt 
block 
Sib Peer 
Season 1986-87 
Noy'86-Jan'87 12 6 Sib>Peer -0.34 0.73 
Jan-Mar'87 11 7 Sib>Peer -0.88 0.38 
Mar-May'87 11 8 PeeDSib -0.53 0.59 
May-Jul'87 10 7 PeeDSib -0.31 0.75 
Jul-Sep'87 12 7 Sib>Peer -0.09 0.92 
Season 1987-88 
Sep-Nov'87 9 4 PeeDSib 0 1.0 
Nov'87-Jan'88 9 8 Sib>Peer -1.07 0.28 
Jan-Mar'88 10 7 Sib>Peer -1.42 0.15 
Mar-May'88 11 7 Sib>Peer -0.14 0.88 
May-Jul'88 9 6 Sib>Peer -2.48 0.01 
Jul-Sep'88 7 4 Sib>Peer -0.92 0.35 
t Sib>Peer - Siblings had higher grooming IR scores than Peers; PeeDSib - Peers had higher 
grooming IR scores than Siblings. The relevant medians are in Fig. 6.2 B. 
:j: As in Table 6.1 A. 
Table 6.2 C The comparisons of grooming IR between Siblings (Sib) and Non-peers (N-Peer). 
Two-month N Scorest Z p:j: 
block 
Sib N-Peer 
Season 1986-87 
Nov '86-Jan'87 12 13 Sib>N-Peer -1.18 0.23 
Jan-Mar'87 11 12 Sib>N-Peer -2.98 0.01 
Mar-May'87 11 6 Sib=N-Peer 0 1.0 
May-Jul'87 10 7 Sib>N-Peer -1.42 0.15 
Jul-Sep' 87 12 10 Sib>N-Peer -1.19 0.23 
Season 1987-88 
Sep-Nov'87 9 12 Sib>N-Peer -1.07 0.28 
Nov'87-Jan'88 9 14 Sib>N-Peer -1.73 0.08 
Jan-Mar'88 10 10 Sib>N-Peer -1.35 0.17 
Mar-May'88 11 16 Sib>N-Peer -1.57 0.11 
May-Jul'88 9 12 Sib>N-Peer -1.70 0.08 
Jul-Sep'88 7 7 N-Peer>Sib -0.41 0.68 
t Sib>N-Peer - Siblings had higher grooming IR scores than Non-peers; N-Peer>Sib - Non-peers 
had higher grooming IR scores than Siblings; Sib=N-Peer - Siblings and Non-peers had equal 
scores. The relevant medians are in Fig. 6.2 B. 
:j: As in Table 6.1 A. 
Table 6.2 D The comparisons of grooming IR between Peers (peer) and Non-peers (N-Peer). 
Two-month N Scorest Z p:j: 
block 
Peer N-Peer 
Season 1986-87 
Nov'86-Jan'87 6 13 Peer>N-Peer -0.33 0.73 
Jan-Mar'87 7 12 Peer>N-Peer -1.42 0.15 
Mar-May' 87 6 8 Peer>N-Peer -0.71 0.47 
May-Jul'87 7 7 Peer>N-Peer -0.88 0.37 
Season 1987-88 
Jul-Sep'87 7 10 Peer>N-Peer -0.44 0.66 
Sep-Nov'87 4 12 Peer>N-Peer -0.83 0.40 
Nov'87-Jan'88 8 14 Peer>N-Peer -0.58 0.56 
Jan-Mar'88 7 10 N-Peer>Peer -0.18 0.85 
Mar-May'88 7 16 Peer>N-Peer -0.95 0.34 
May-Jul'88 6 12 N -Peer> Peer -1.17 0.24 
Jul-Sep'88 4 7 N -Peer> Peer -1.13 0.25 
t Peer>N-Peer - Peers had higher grooming IR scores than Non-peers; N-Peer>Peer - Non-peers 
had higher grooming IR scores than Peers; The relevant medians are in Fig. 6.2 B. 
:j: As in Table 6.1 A. 
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Figure 6.2 Grooming Interaction Reciprocity (IR) indices in consecutive two-month blocks 
throughout two seasons. (A) Siblings and Non-siblings; the sample sizes and results of 
statistical analyses are in Table 6.2 A. (B) Siblings, Peers and Non-peers; the sample sizes 
and results of statistical analyses are: between Siblings and Peers are in Table 6.2 B, between 
Siblings and Non-peers in Table 6.2 C, and between Peers and Non-peers in Table 6.2 D. 
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Table 6.3 A The comparisons of proximity Interaction Reciprocity (lR) between Siblings (Sib) 
and Non-siblings (N-Sib). 
Two-month N Scorest Z p+ 
block 
Sib N-Sib 
Season 1986-87 
Nov'86-Jan'87 13 30 Sib>N-Sib -0.47 0.63 
Jan-Mar'87 13 30 Sib>N-Sib -1.38 0.16 
Mar-May'87 13 30 N-Sib>Sib -0.08 0.93 
May-Jul'87 13 30 N-Sib>Sib -0.13 0.89 
Jul-Sep'87 13 29 Sib>N-Sib -1.87 0.06 
Season 1987-88 
Sep-Nov'87 11 34 N-Sib>Sib -0.34 0.73 
Nov'87-Jan'88 11 34 N-Sib>Sib -1.29 0.19 
Jan-Mar'88 11 35 Sib>N-Sib -1.12 0.26 
Mar-May'88 11 35 N-Sib>Sib -0.14 0.88 
May-Jul'88 11 35 Sib>N-Sib -1.04 0.29 
Jul-Sep'88 11 36 Sib>N-Sib -2.03 0.04 
t Sib>N-Sib - Siblings had higher proximity IR scores than Non-siblings. The relevant medians 
are in Fig. 6.3 A. 
+ As in Table 6.1 A. 
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Table 6.3 A The comparisons of proximity Interaction Reciprocity (IR) between Siblings (Sib) 
and Non-siblings (N-Sib). 
Two-month N Scorest Z p:j: 
block 
Sib N-Sib 
Season 1986-87 
Nov'86-Jan'87 13 30 Sib>N-Sib -0.47 0.63 
Jan-Mar'87 13 30 Sib>N-Sib -1.38 0.16 
Mar-May'87 13 30 N-Sib>Sib -0.08 0.93 
May-Jul'87 13 30 N-Sib>Sib -0.13 0.89 
Jul-Sep'87 13 29 Sib>N-Sib -1.87 0.06 
Season 1987-88 
Sep-Nov'87 11 34 N-Sib>Sib -0.34 0.73 
Nov'87-Jan'88 11 34 N-Sib>Sib -1.29 0.19 
Jan-Mar'88 11 35 Sib>N-Sib -1.12 0.26 
Mar-May'88 11 35 N-Sib>Sib -0.14 0.88 
May-Jul'88 11 35 Sib>N-Sib -1.04 0.29 
Jul-Sep'88 11 36 Sib>N-Sib -2.03 0.04 
t Sib>N-Sib - Siblings had higher proximity IR scores than Non-siblings. The relevant medians 
are in Fig. 6.3 A. 
:j: As in Table 6.1 A. 
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Table 6.3 B The comparisons of proximity IR between Siblings (Sib) and Peers (peer). 
Two-month N Scorest Z p:j: 
block 
Sib Peer 
Season 1986-87 
Nov '86-Jan'87 13 9 Sib>Peer -0.57 0.57 
Jan-Mar'87 13 9 Sib>Peer -1.64 0.10 
Mar-May'87 13 9 Sib>Peer -1.77 0.07 
May-Ju1'87 13 9 Sib>Peer -1.17 0.24 
Jul-Sep'87 13 9 Sib>Peer -1.18 0.24 
Season 1987-88 
Sep-Nov'87 11 9 Peer>Sib -1.10 0.27 
Nov'87-Jan'88 11 10 Peer>Sib -0.91 0.36 
Jan-Mar'88 11 10 Sib>Peer -1.48 0.13 
Mar-May'88 11 10 Peer>Sib 0 1.0 
May-Ju1'88 11 10 Sib>Peer -1.06 0.29 
Jul-Sep'88 11 10 Sib>Peer -2.32 0.02 
t Sib>Peer - Siblings had higher proximity IR scores than Peers; Peer>Sib - Peers had higher 
proximity scores than Siblings. The relevant medians are in Fig. 6.3 B. 
:j: As in Table 6.1 A. 
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Table 6.3 C The comparisons of proximity IR between Siblings (Sib) and Non-peers (N-Peer). 
Two-month N Scorest Z pt 
block 
Sib N-Peer 
Season 1986-87 
Nov'86-Jan'87 13 21 Sib>N-Peer -0.34 0.73 
Jan-Mar'87 13 21 Sib>N-Peer -0.97 0.32 
Mar-May' 87 13 21 N-Peer>Sib -1.04 0.29 
May-Jul'87 13 21 N-Peer>Sib -0.79 0.42 
Jul-Sep'87 13 20 Sib>N-Peer -1.88 0.06 
Season 1987-88 
Sep-Nov'87 11 25 Sib>N-Peer -0.05 0.95 
Nov'87-Jan'88 11 24 N-Peer>Sib -1.28 0.20 
Jan-Mar'88 11 25 Sib>N-Peer -0.77 0.43 
Mar-May'88 11 25 N-Peer>Sib -0.18 0.85 
May-Jul'88 11 25 Sib>N-Peer -0.87 0.38 
Jul-Sep'88 11 25 Sib>N-Peer -1.59 0.11 
t Sib>N-Peer - Siblings had higher proximity IR scores than Non-peers; N-Peer>Sib - Non-peers 
had higher proximity scores than Siblings. The relevant medians are in Fig. 6.3 B. 
:j: As in Table 6.1 A. 
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Table 6.3 C The comparisons of proximity IR between Siblings (Sib) and Non-peers (N-Peer). 
Two-month N Scorest Z p:j: 
block 
Sib N-Peer 
Season 1986-87 
Nov'86-Jan'87 13 21 Sib>N-Peer -0.34 0.73 
Jan-Mar'87 13 21 Sib>N-Peer -0.97 0.32 
Mar-May' 87 13 21 N-PeeDSib -1.04 0.29 
May-Jul'87 13 21 N-PeeDSib -0.79 0.42 
Jul-Sep'87 13 20 Sib>N-Peer -1.88 0.06 
Season 1987-88 
Sep-Nov'87 11 25 Sib>N-Peer -0.05 0.95 
Nov'87-Jan'88 11 24 N-PeeDSib -1.28 0.20 
Jan-Mar'88 11 25 Sib>N-Peer -0.77 0.43 
Mar-May'88 11 25 N-PeeDSib -0.18 0.85 
May-Jul '88 11 25 Sib>N-Peer -0.87 0.38 
Jul-Sep'88 11 25 Sib>N-Peer -1.59 0.11 
t Sib>N-Peer - Siblings had higher proximity IR scores than Non-peers; N-PeeDSib - Non-peers 
had higher proximity scores than Siblings. The relevant medians are in Fig. 6.3 B. 
:j: As in Table 6.1 A. 
b 
Table 6.3 D The comparisons of proximity IR between Peers (peer) and Non-peers (N-Peer). 
Two-month N Scorest Z p:j: 
block 
Peer N-Peer 
Season 1986-87 
Nov'86-Jan'87 9 21 N -Peer> Peer -0.07 0.94 
Jan-Mar'87 9 21 N -Peer> Peer -1.11 0.26 
Mar-May'87 9 21 N-Peer>Peer -2.10 0.03 
May-Jul'87 9 21 N-Peer>Peer -1.52 0.12 
Jul-Sep'87 9 21 N-Peer>Peer -0.09 0.92 
Season 1987-88 
Sep-Nov'87 10 25 Peer>N-Peer -1.11 0.26 
Nov'87-Jan'88 10 25 Peer>N-Peer -0.53 0.59 
Jan-Mar'88 10 25 N-Peer>Peer -1.09 0.27 
Mar-May'88 10 25 N -Peer> Peer -0.11 0.91 
May-Ju1'88 10 25 N-Peer>Peer -0.18 0.85 
Jul-Sep'88 10 25 N-Peer>Peer -1.62 0.10 
t Peer>N-Peer - Peers had rugher proximity IR scores than Non-peers; N-Peer>Peer - Non-peers 
had rugher proximity scores than Peers. The relevant medians are in Fig. 6.3 B. 
:j: As in Table 6.1 A. 
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Figure 6.3 Proximity Interaction Reciprocity (IR) indices in consecutive two-month blocks 
throughout two seasons. (A) Siblings and Non-siblings; the sample sizes and results of 
statistical analyses are in Table 6.3 A. (B) Siblings, Peers and Non-peers; the sample sizes 
and results of statistical analyses are: between Siblings and Peers are in Table 6.3 B, between 
Siblings and Non-peers in Table 6.3 C, and between Peers and Non-peers in Table 6.3 D. 
* p<O.05. 
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Table 6.4 Summary of differences between dyads in Interaction Reciprocity in play, grooming 
and proximity. 
Behaviour Siblings vs Non-siblings Siblings vs Peers Peers vs Non-peers 
Play no difference no difference no difference 
Grooming Sib> Non-sib Sib ~ Peer no difference 
Proximity no difference no difference no difference 
11 
Table 6.S The comparisons of play Interaction Reciprocity (JR) between male-male (MM), 
female-female (FF) and mixed-sex (Mix) dyads. 
Two-month Sample size (N)t X2 p:j: 
block MM FP Mix 
Season 1986-87 
Nov'86-Jan'87 3 14 19 0.67 0.71 
Jan-Mar'87 4 15 22 4.76 0.09 
Mar-May'87 4 16 22 1.38 0.50 
May-Ju1'87 3 15 22 0.73 0.69 
Jul-Sep'87 4 14 19 5.51 0.06 
Season 1987-88 
Sep-Nov'87 5 9 22 2.24 0.32 
Nov'87-Jan'88 5 14 26 0.71 0.70 
Jan-Mar'88 5 13 27 2.83 0.24 
Mar-May'88 5 14 27 2.24 0.32 
May-Ju1'88 5 11 24 1.19 0.55 
Jul-Sep'88 5 10 24 1.03 0.59 
t The relevant medians are in Fig. 6.4. 
:j: Probabilities derived from Kruskal-Wallis one-way analysis of variance. 
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Figure 6.4 Play Interaction Reciprocity (IR) of dyads of various sex-combinations: Mixed-
sex, Male-Male, and Female-Female. Sample sizes (N) are in Table 6.5. 
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Table 6.6 The comparisons of grooming Interaction Reciprocity (IR) between male-male (MM), 
female-female (FF) and mixed-sex (Mix) dyads. 
Two-month Sample size (N)t X2 p:j: 
block MM FP Mix 
Season 1986-87 
Nov'86-Jan'87 3 12 16 1.19 0.55 
Jan-Mar'87 2 14 14 1.43 0.49 
Mar-May'87 2 11 12 1.51 0.47 
May-Jul'87 2 9 13 3.07 0.21 
Jul-Sep'87 3 12 14 0.57 0.75 
Season 1987-88 
Sep-Nov'87 2 8 15 1.43 0.48 
Nov'87-Jan'88 3 10 18 2.12 0.34 
Jan-Mar'88 2 9 16 0.48 0.78 
Mar-May'88 3 11 20 6.15 0.04 
May-Ju1'88 2 10 15 1.82 0.40 
Jul-Sep'88 2 6 10 1.21 0.54 
t The relevant medians are in Fig. 6.5. 
:j: As in Table 6.5. Significant differences and trends (a=0.05) are in bold type. 
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Figure 6.5 Grooming IR of dyads of various sex-combinations: Mixed-sex, Male-Male, and 
Female-Female. Sample sizes (N) are in Table 6.6 . 
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Table 6.7 The comparisons of proximity Interaction Reciprocity (IR) between male-male (MM), 
female-female (FF) and mixed-sex (Mix) dyads. 
Two-month Sample size (N)t X2 p:j: 
block MM FP Mix 
Season 1986-87 
Nov'86-Jan'87 4 15 21 2.34 0.31 
Jan-Mar'87 4 16 23 1.66 0.43 
Mar-May'87 4 16 23 0.91 0.63 
May-Ju1'87 4 16 23 0.47 0.79 
Jul-Sep'87 4 16 22 1.29 0.52 
Season 1987-88 
Sep-Nov'87 5 13 26 1.36 0.51 
Nov'87-Jan'88 5 13 27 0.08 0.96 
Jan-Mar'88 5 14 27 2.03 0.36 
Mar-May'88 5 14 27 3.39 0.18 
May-Ju1'88 5 14 27 0.22 0.89 
Jul-Sep'88 4 12 25 8.33 0.01 
t The relevant medians are in Fig. 6.6. 
:j: As in Table 6.5. Significant differences and trends (a=0.05) are in bold type . 
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(Table 6.2 A). Siblings did not show higher IR in either play or responsibility for proximity 
maintenance (Fig. 6.1 A, 6.3 A; see Table 6.1 A and 6.3 A for results of statistical tests) 
The differences in IR between sibling, peer and non-peer dyads are summarized in Table 
6.4. Only in grooming did clear differences among those three types of dyads emerge (Fig. 
6.1 B, 6.2 B, 6.3 B). 1ne results presented in the Fig. 6.1 A, 6.2 A and 6.3 A reveal how 
different were the ranges and variability of IR for each behaviour. The highest IR was in 
proximity maintenance, the lowest in grooming. In both these behaviours, however, the 
variability was quite low. Play, on the other hand, was characterized by a great variability 
and intermediate (between proximity and grooming) IR values. 
6.3.2 Age differences 
There were no significant age differences in IR in any behaviour, neither were there any 
consistent trends. 
6.3.3 Sex differences 
There were following trends in IR : male dyads tended to have higher IR in play (Fig. 
6.4, Table 6.5) and occasionally in proximity (Fig. 6.6, Table 6.7) than female-female or 
mixed-sex dyads. Female dyads tended to have the highest IR in grooming (Fig. 6.5, Table 
6.6), but the lowest in play. Mixed-sex dyads had the lowest IR in grooming. The seasonal 
IR and their interquartile intervals for each behaviour are presented in Table 6.8. 
6.4 Results: Partner Reciprocity 
6.4.1 Reciprocal partners among siblings and non-siblings 
In the first season, out of 13 sibling dyads 8 were reciprocal play partners, 10 reciprocal 
grooming and 12 reciprocal proximity partners. Out of 30 non-sibling dyads, 8 were 
reciprocal in play, 9 in grooming and 6 in proximity. In the second season, out of 11 sibling 
dyads 8 were reciprocal in play, 8 in grooming and 10 in proximity. Out of 36 non-sibling 
dyads 9 were reciprocal in play, 7 in grooming and 5 in proximity. The percentages of 
sibling and non-sibling dyads which were reciprocal partners in each behaviour and in each 
season are in Fig. 6.7. 
Siblings were more likely to be reciprocal partners than non-siblings. In only one of the 
six comparisons did the difference fail to reach significance at a=0.05 (X? test, play, season 
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Table 6.8 Play, grooming and proximity Interaction Reciprocity (IR) in each season in male, 
female and mixed-sex dyads (Siblings and Non-siblings combined). 
t Number of dyads which met the criteria for assessing IR in each behaviour. 
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1986-87, Fig. 6.7 A). 
6.4.2 Stability over two seasons 
There were 15 dyads which were focal in both seasons (3 sibling, 12 non-sibling). Except 
for one non-sibling dyad, in which partners changed from being non-reciprocal to reciprocal 
in play, but the reverse happened in grooming, the changes did not occur in more than one 
behaviour. In two sibling dyads (both reciprocal in all three behaviours) and in two non-
sibling dyads (both non-reciprocal in any behaviour) no changes occurred. 
6.4.3 Lack of reciprocity and reciprocity in disregard 
The results of the division of non-reciprocal dyads into those lacking reciprocity and 
those reciprocal in disregard (see section 6.2.2 above) are in Table 6.9. Two clear points 
emerged. First, patterns of disregard and lack of reciprocity in proximity were quite unlike 
those in play or grooming: none of the sibling dyads was reciprocal in disregard, but most of 
non-sibling dyads were. Second, very few peer dyads were reciprocal in disregard in either 
play or grooming, whereas most of non-peers were classified in this group. 
6.5 Results: Interaction Reciprocity in Behaviour of Reciprocal Partners 
Monkeys which were reciprocal play partners showed high (above median) play 
interaction reciprocity (Table 6.10). This was true for both sibling and non-sibling dyads. 
Non-sibling reciprocal grooming partners usually had high IR, but sibling reciprocal 
grooming partners were equally likely to have either high or low IR in grooming. Neither 
siblings nor non-siblings showed differences in proximity IR between reciprocal and non-
reciprocal partners. Among siblings, this result was due to a high percentage of dyads 
consisting of reciprocal partners. Conversely, among non-siblings, this effect was due to a 
large percentage of dyads whose members were not reciprocal partners. 
When peers were reciprocal partners, their interactions were usually characterized by 
high IR as well (Table 6.11). Peers were not more likely to be reciprocal partners than 
siblings, although they tended to be reciprocal more often than non-peers in play and 
grooming (Table 6.12). 
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1986-87, Fig. 6.7 A). 
6.4.2 Stability over two seasons 
There were 15 dyads which were focal in both seasons (3 sibling, 12 non-sibling). Except 
for one non-sibling dyad, in which partners changed from being non-reciprocal to reciprocal 
in play, but the reverse happened in grooming, the changes did not occur in more than one 
behaviour. In two sibling dyads (both reciprocal in all three behaviours) and in two non-
sibling dyads (both non-reciprocal in any behaviour) no changes occurred. 
6.4.3 Lack of reciprocity and reciprocity in disregard 
The results of the division of non-reciprocal dyads into those lacking reciprocity and 
those reciprocal in disregard (see section 6.2.2 above) are in Table 6.9. Two clear points 
emerged. First, patterns of disregard and lack of reciprocity in proximity were quite unlike 
those in play or grooming: none of the sibling dyads was reciprocal in disregard, but most of 
non-sibling dyads were. Second, very few peer dyads were reciprocal in disregard in either 
play or grooming, whereas most of non-peers were classified in this group. 
6.5 Results: Interaction Reciprocity in Behaviour of Reciprocal Partners 
Monkeys which were reciprocal play partners showed high (above median) play 
interaction reciprocity (Table 6.10). This was true for both sibling and non-sibling dyads. 
Non-sibling reciprocal grooming partners usually had high IR, but sibling reciprocal 
grooming partners were equally likely to have either high or low IR in grooming. Neither 
siblings nor non-siblings showed differences in proximity IR between reciprocal and non-
reciprocal partners. Among siblings, this result was due to a high percentage of dyads 
consisting of reciprocal partners. Conversely, among non-siblings, this effect was due to a 
large percentage of dyads whose members were not reciprocal partners . 
When peers were reciprocal partners, their interactions were usually characterized by 
high IR as well (Table 6.11). Peers were not more likely to be reciprocal partners than 
siblings, although they tended to be reciprocal more often than non-peers in play and 
grooming (Table 6.12). 
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Table 6.9 Numbers of Sibling, Peer and Non-peer dyads which were reciprocal partners, without 
reciprocity and reciprocal in disregard in the partner reciprocity in each behaviour. 
Season 1986-87 Season 1987-88 
N reciprocal without reciprocal N reciprocal without 
reciprocity . in disregard reciprocity 
Siblings Play 13 8 2 3 11 8 2 
Groom 13 10 1 2 11 8 2 
Prox 13 12 1 0 11 10 1 
Peers Play 9 5 4 0 10 4 5 
Groom 9 6 3 0 10 4 2 
Prox 9 2 2 5 10 1 2 
Non-peers Play 21 3 6 12 26 5 6 
Groom 21 3 6 12 26 3 7 
Prox 21 4 4 13 26 4 3 
reciprocal 
in disregard 
1 
1 
0 
1 
4 
7 
15 
16 
19 
I 
r 
I 
I 
I 
Table 6.10 Interaction Reciprocity (IR) in the interactions of reciprocal (Rec) and non-reciprocal 
(Non-rec) partners. . 
Siblings Non-siblings 
Season 1986-87 Season 1987-88 Season 1986-87 Season 1987-88 
Rec Non-rec Rec Non-rec Rec Non-rec Ree Non-ree 
partners partners partners partners partners partners partners partners 
PLAY 
Median IRt 0.54 0.54 0.42 0.42 
High 6 0 6 0 6 4 7 
Low 2 5 2 3 2 13 2 
Fisher's test Fisher's test X2 = 4.05 X2 = 4.12 
P = 0.02 P = 0.06 P= 0.04 P = 0.04 
GROOMING 
Median IRt 0.20 0.20 0.14 0.14 
High 6 0 4 1 6 3 6 
Low 4 2 4 1 2 11 0 
Fisher's test Fisher's test X2 = 4.03 X2 = 2.62 
P= 0.4 P=l P= 0.04 P = 0.10 
PROXIMITY 
Median IRt 0.93 0.93 0.92 0.92 
High 5 1 4 1 3 10 2 
Low 7 0 6 0 3 13 3 
Fisher's test Fisher's test 2 X =0 2 X =0 
P= 0.4 P = 0.4 P=l P=l 
t IR medians combined for both seasons, but separate for Siblings and Non-siblings. "High IR" 
gives the numbers of dyads which had IR scores above the median; "Low IR" gives the 
numbers of dyads which had IR scores below the median. 
7 
16 
10 
9 
16 
15 
11 
Table 6.11 Partner reciprocity and Interaction Reciprocity (lR) in peer dyads. The numbers of 
peer dyads which were r~ciprocal partners are given in bold print; the numbers in 
parentheses are reciprocal partners which also had high IR. 
Season 
1986-87 
1987-88 
Number of 
peer dyads 
9 
10 
Play Grooming Proximity 
5 (3) 6 (5) 2 (1) 
4 (4) 4 (3) 2 (1) 
Table 6.11 Partner reciprocity and Interaction Reciprocity (IR) in peer dyads. The numbers of 
peer dyads which were reciprocal partners are given in bold print; the numbers in 
parentheses are reciprocal partners which also had high IR. 
Season Number of Play 
Grooming proximity 
peer dyads 
1986-87 9 5 (3) 
6 (5) 2 (1) 
1987-88 10 4 (4) 
4 (3) 2 (1) 
Table 6.12 The percentages of reciprocal partners among Peer and Non-peer dyads. 
Season Play Grooming 
Proximity 
Peers Non-peers Peers Non-peers Peers 
Non-peers 
14% 67% 14% 22% 19% 1986-87 55% 
19% 40% 12% 20% 12% 1987-88 40% 
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6.6 Reciprocal Aggression 
The results concerning reciprocal aggression have been presented in the chapter on 
agonistic interactions (Chapter 4, sections 4.3.2 and 4.4.1). In summary, the proportion of 
reciprocal aggression, although much lower than either strong or mild aggression, was 
always higher in sibling agonistic interactions than in those of non-siblings. 
6.7 Discussion 
Siblings proved to be significantly more reciprocal than non-siblings only in grooming 
interactions. However, they showed consistent trends towards being reciprocal partners more 
often than non-siblings in play, grooming and proximity. A partner's age did not influence 
the IR in any of the three behaviours. Similar patterns were found by Colvin and Tissier 
(1985) among free-ranging immature male siblings and peers with the exception of 
proximity. Siblings in their study were more reciprocal in the responsibility for the proximity 
maintenance than non-siblings, but there were no similar differences in my study sample . 
. One explanation may be that my sample covered all possible sex combination dyads, 
whereas Colvin and Tissier's consisted of male dyads only. Other possible explanations are 
discussed below. 
The patterns of Interaction Reciprocity differed considerably among the three behaviours. 
Proximity was the most reciprocal one, with very little variability and with scores 
approaching 1 (perfect reciprocity) in all types of dyads. Grooming interactions were the 
least reciprocal; as is clear from Fig. 6.2 and Fig. 2.5, a large proportion of grooming IR 
scores were equal or very close to 0 (lack of reciprocity). Play interactions were in the 
middle, with great variability, and without the extremes found in proximity or grooming. If 
in grooming the identity of the initiator mattered more in determining how long the 
grooming bout lasted than in play in determining whether the play bout would occur, we 
would expect the above difference between grooming IR (based on the time spent grooming) 
and play IR (based on the ratio of initiations). As far as proximity is concerned, there may be 
two reasons for such high IR. First, at this age young monkeys may approach and leave other 
young monkeys at similar rates because staying in proximity with them does not incur any 
immediate risks, unlike staying close to unrelated adults. The second reason, suggested by 
the discrepancy between my results and those of Colvin and Tissier (1985), is that my result 
of similar indices was of monkeys living in a confined space in captivity. The high indices in 
such a case would be caused by monkeys randomly approaching and leaving each other, 
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Table 6.13 Summary of charactens I 
GROOMING PROXIMITY 
Reciprocity PLAY 
Sib> Non-sib Sib - Non-sib Sib = Non-sib Stable IR Variable Relatively 
stable High values 
Intermediate Low values 
values 
Sib> Non-sib Sib> Non-sib Sib> Non-sib Very high in Sib . Partner reciprocity 
High in Sib . High in Sib . Very low in Non-SIb 
Low in Non-SIb Low in Non-sIb Very low in Peers 
Intermediate Intermediate 
in Peers in Peers 
Sib ;f. Non-sib Sib ;f. Non-sib Sib = Non-sib IR similar among IR IR high among IR high among reciprocal and 
and Non-sib reciprocal 
Partner reciprocity reciprocal partners" 
non-reciprocal 
partners partners 
. . etween reciprocal and non-reciprocal 
attems of Interaction RecIprOCIty b wo kinds of reciprocity were 
;f. ~=~ ~~~:r:d ktween Si?lings and N~;~~~~J~~ ~~td~~e~ence (as when each reciprocity 
considered, it was inapproapnate to assess 
was considered separately). 
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while moving around in the enclosure. However, since the distance for a movement to be 
classified as an approach or leave was 0.6 m, and "passing by" approaching-Ieavings were 
excluded (Chapter 2, section 2.6.1), it is unlikely that captivity only was the reason for such 
results. It is also necessary to mention that although Colvin and Tissier (1985) calculated 
their indices in the same way as I did, they compared it between dyads using only the index 
for the dominant partner, and not an absolute value of it, which may have affected the 
comparability of our results. I will explore the influence of the dominance rank on 
responsibility for proximity in the next chapter. 
The differences found in both IR and partner reciprocity patterns among sibling and non-
sibling dyads are summarized in Table 6.13. In contrast to grooming and proximity, play 
interactions were characterized by high IR between reciprocal play partners, whether they 
were siblings or not (Table 6.10). The explanation for this phenomenon probably lies in the 
nature of play. It is a behaviour which requires the active involvement of the two partners. In 
order for a play bout to occur, it is necessary that the invitation to play receives a playful 
action in response, in other words, acceptance. A monkey cannot be asleep, indifferent, 
engaged in other activities like grooming or eating, and, at the same time, play with another 
monkey. Therefore, it seems reasonable to assume that play which is also reciprocal 
according to the definitions in this study, i. e. in the amount of initiations, is probably more 
rewarding than unreciprocal play. In this study it was impossible to trace which came first, 
the high IR or partner reciprocity. The high play interaction reciprocity might have led to 
two partners playing with each other more than with other immatures, but it could also be 
that at first two monkeys played with each other most frequently for some other reasons, (e.g. 
age-sex combination) and that only after a certain time did their interactions become 
reciprocal as well. A more detailed study, following young monkeys' interactions from their 
birth, is needed to distinguish between these possibilities. However, there is no evidence that 
play IR is lower in dyads including infants than in those which consist of older monkeys. 
This means that even very young monkeys are capable of reciprocating play initiations. If it 
is indeed true, it would indicate that high interaction reciprocity in a dyad comes before 
partner reciprocity in this dyad occurs, thus making a high play IR a precondition for a 
partner reciprocity. 
In grooming most frequent partners were almost equally likely to have high and low IR 
in their interactions. Grooming among non-sibfings was a notable exception in this respect: 
the majority of reciprocal non-sibling grooming partners had relatively high grooming IR. It 
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must be remembered, though, that it was still rather low in absolute values (only higher than 
the median which was 0.14). As it happened among immatures, this effect may be an early 
indication of a special function of grooming in adult life. Seyfarth and Cheney (1984) 
demonstrated that female vervet monkeys increased their chances of getting attention in an 
agonistic situation by grooming unrelated individuals. Grooming a relative had no such 
effect, probably because relatives were already the most frequent allies (Massey 1977; 
Kaplan 1978), regardless of how often they were groomed. Among non-siblings, returning 
grooming may be necessary to support the relationship, whatever the further advantages of 
this relationship may be, whereas among siblings this condition is not as vital. The question 
whether immature rhesus monkeys can trade grooming for agonistic aid, and whether 
individuals which are reciprocal partners in affiliative behaviours are more likely to help each 
other in conflicts will be explored in the following chapter. 
No evidence was found here that relationships of immature rhesus siblings were less 
stable than those of non-siblings. Dominance ranks were relatively stable in both groups 
(Chapter 4), and partner reciprocity did not change much from season to season in dyads 
which were observed for two seasons. Stability of a relationship cannot therefore have a 
direct influence on the degree of reciprocity in that relationship. 
The distinction between dyads lacking reciprocity and those "reciprocal in disregard" has 
shown again that peers seem to occupy a special place among non-siblings. In play and 
grooming very few dyads were reciprocating disregard. The word "disregard" describes here 
a phenomenon of two monkeys placing each other around the bottom of their partner 
hierarchies. It has some aspects in common with the word "rejection" used in the literature on 
human relationships (e.g. Peery 1979; Newcomb and Bukowski 1983), but obviously it is not 
synonymous with what has been described as rejection there, i.e. being "overtly disliked" by 
their peers as defined by "negative nominations" on a sociometric scale. It has to be noted, 
however, that Asher and Dodge (1986) have found that using only positive nominations 
(naming three most liked children) and rating-scale measures (giving each peer a rating 
between 1 and 5 according to how much the child liked him) they were able to identify 
children rejected by their peers. The hierarchy of durations I used in my study to determine 
the "top" partners was, in fact, the only possible equivalent of such rating-scale measure one 
could use for non-human subjects. Thus, there is some, although perhaps rather remote, 
similarity in the way the results for the assessment of rejection have been achieved in studies 
on children and those of disregard in my study. 
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The dyads lacking reciprocity in my study were those in which one of the two partners 
failed to interact most frequently with the other. In play and grooming, non-reciprocal peer 
dyads usually fell into this category. It seems therefore, that individuals played and groomed 
with peers most often, even when the peer-partner did not reciprocate. 
Possible sex influences are important for understanding the quality of relationships 
among immature primates. There is evidence that males have a different social network of 
relationships from females, and that this differentiation begins as early as in their second year 
of life (Berman 1983; Holman and Goy 1988). Symons (1978) in his study ofrhesus play has 
shown that males tend to play more than females and have more play partners. Among rhesus 
monkeys between 4 and 12 months of age reared in the "nuclear family" setting, males' play 
initiations were more reciprocated by males, and females' initiations were more reciprocated 
by females than by the opposite sex (Suomi 1977). Holman and Goy (1988) have suggested 
that young males' peripheralization can begin in their second year of life: yearling males, 
following the birth of their siblings, spent significantly less time with their mothers than 
before, compared with same-age females, and males also began associating with adult males. 
This seems to be reflected in the fact that around two years of age sex differences become 
apparent in young rhesus monkeys' grooming: young rhesus males groom less than females 
(Ehardt and Bernstein 1987). The present study showed some interesting tendencies in 
reciprocity of mixed, all-male and all-female dyads. Males tend to have higher reciprocity 
levels in play, females in grooming, with mixed-sex dyads lying in between (grooming) or 
lowest (play). As these are only tendencies, and the results for males have been based on a 
small sample size, it is not possible to make a conclusive statement. These results do, 
however, reflect general trends for favouring same-sex partners in grooming and for more 
equal involvement in play among male partners as opposed to mixed-sex and female 
partners. 
Reciprocal aggressive interactions were more frequent among siblings than among non-
siblings. Bernstein and Ehardt (1986) found that rhesus juveniles were more often involved 
in "ambiguous" agonistic interactions with kin than with non-kin. My category of 
"reciprocal" aggression was very similar to their "ambiguous" category, in so far as both of 
them involved mutual aggression. This pattern may be caused by sibling dominance relations 
being less rigid than non-sibling, and hence more prone to change. It could also have been 
affected by the probability of interference on behalf of the younger and subordinate by the 
mother or other relatives in siblings' conflicts. This, in the long run, may increase the chance 
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of rank reversal in sibling dyads. Higher rates of aggression by the subordinate monkey in 
sibling than in non-sibling dyads discussed in Chapter 4, first indicated this possibility. 
Since it has been shown that interaction and partner reciprocity in most cases differ not 
only between types of dyads, but also between behaviours, the following hypothesis to 
explain these differences is suggested. Close relatives may exercise various degrees of 
control over an infant's frequencies of interactions with various partners in different 
behaviours: they do not influence its play much, but often actively or passively prevent the 
young monkey from grooming or staying in proximity with a non-kin. As play takes an 
infant away from its mother (DiGregorio et al. 1987), she cannot usually control the partners 
that her offspring interacts with most often. But it is plausible that she does not need to do it 
for play. Whether the function of play is seen as a social practice (Poirier and Smith 1974; 
Lee 1983) or a motor practice (Fag en 1981), or perhaps even cognitive training (Chevalier-
Skolnikoff 1977), a partner similar in physical qualities seems to be the most suitable for safe 
practising of both social and motor skills. Play frequency, however, decreases dramatically 
when a monkey reaches sexual maturity, except for isolated bouts in some species (Baldwin 
1969; Caine and Mitchelll979a; but see Breuggemann 1978). It is also disputed whether the 
presence of play behaviour is indeed necessary for an individual's nom1al development 
(Baldwin and Baldwin 1973; Lee 1983). As grooming and proximity socializing functions 
are extended into adulthood (e.g. Smuts 1985; Walters 1987), it may be more important for a 
monkey to be more cautious in its choice of grooming and proximity partners than in its 
choice of play partners. 
6.8 Summary and Conclusions 
The reciprocity of interactions (based on the ratios of the interactions given to the 
interactions received) and partner reciprocity in affiliative behaviours which were described 
in Chapter 3, were investigated in this chapter. Siblings proved to be more reciprocal than 
non-siblings in their grooming interactions, but there were generally no differences in 
Interaction Reciprocity (IR) in play or proximity. Patterns of IR varied between 
behaviours. The IR in proximity was the highest among the three behaviours, intermediate in 
play, and the lowest in grooming. Sibling dyads were more often reciprocal partners than 
non-siblings. Both among siblings and non-siblings, IR in play of reciprocal play partners 
was higher than play IR of non-reciprocal partners. Grooming IR was relatively high among 
non-siblings which were reciprocal grooming partners, but no such effect was found for 
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grooming among siblings, or for proximity. 
These differences are discussed in the light of the evidence that play has a slightly 
different character from the two other behaviours, grooming and proximity. It is suggested 
that a degree of control exercised by young monkey's mother and other relatives over its 
interactions with various partners may be higher in behaviours with socializing functions 
extending into adulthood, like grooming and proximity, than in play, which occurs mainly 
among immature monkeys. 
There was more reciprocal aggression between pairs of siblings than between non-
siblings. This is taken to indicate that sibling dominance relationships are more prone to the 
rank reversal than those of non-siblings. 
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7. RELATIONSHIPS AND RECIPROCITY 
7.1 Introduction 
Social interactions in different behaviours have been considered separately in the 
previous chapters. In this chapter I look at how these different kinds of interactions may 
together form the strands of relationships. 
Social relationships are not a simple sum of interactions between two partners. Hinde 
(1979) pointed out that "a relationship exists only when the probable course of future 
interactions between the participants differs from that between strangers." (p.16, also 1983a). 
Discussing the distinction between interactions and relationships among humans, Hinde 
(1979) also says that it is characteristic of a relationship that each interaction is influenced by 
other interactions in that relationship. Therefore, it seems to be logical to take a 
"relationship" approach (Ross and Lollis 1989) to the data presented thus far. This approach 
explains the differences between relationships as reflecting the unique adjustments of the 
partners. 
Most of analyses so far were concerned with patterns of behaviours in dyads, and thus the 
component of "adjustment" to a partner has been evident in the differences in behaviours of 
various dyads. The Ross and Lollis' (1989) relationship approach is therefore combined here 
with Hinde's (1979, 1983a) approach to study interplay between interactions making up a 
relationship. 
This chapter considers whether the relationships of young rhesus monkeys are reciprocal, 
and if so, whether sibling relationships are more reciprocal than those of non-siblings. This 
hypothesis is investigated in three steps: 
first, whether the monkeys reciprocate help in agonistic conflicts; 2 
second, how one aspect of a relationship can influence another, especially whether monkeys 
which are reciprocal in one behaviour are more likely to be reciprocal in other; 
2. See Chapter 5, section 5.2.5, for the justification for considering alliance formation as an aspect of the allies' 
relationships, rather than their interactions. 
93 
COALITION 
AGGRESSOR ~ VICTIM 
\/ 
AGGRESSOR -+ VICTIM 
\/ 
INTERFERER INTERFERER 
INTERFERER HELPS AGGRESSOR INTERFERER HELPS VICTIM 
. . . d . d Black arrows show direction of Figure 7.1 Schematic representatIOn of coalItIOns an al s. 
aggresion, open arrowS show direction of support. 
I 
I 
Chapter 7 
third, whether there is any evidence that different behaviours are exchanged reciprocally (e.g. 
grooming for agonistic aid). 
7.2 Analyses 
Following the distinction made by Cheney (1977), the interventions in agonistic 
interactions in which one animal joined another in threatening or attacking a third, were 
called coalitions of the first two animals. In contrast, when one animal intervened on behalf 
of another which was a victim of an attack by a third, were called aids (see Fig. 7.1). As 
these interventions are relatively rare among immatures, they will sometimes be considered 
jointly as help. 
7.2.1 Agonistic help 
The agonistic interactions were considered only when two or more immatures 
participated in them, unless otherWise stated. Also, all focal and non-focal dyads in dyadic 
analysis as well as all immatures and subadults in analysis of individuals were considered, 
except in the section on reciprocity in agonistic help (section 7.3.3). 
Individual differences 
Twenty six immatures in the first season and 29 in the second season were the subjects of 
the analysis in this section. In order to find out whether immature monkeys engaged in 
coalitions and aids with siblings more than with non-siblings, the following procedure was 
used. First, the total number of coalitions in which a particular monkey was involved was 
divided by the number of all immature partners available for that monkey. This derived 
value was considered to be the expected number of coalitions per available partner, assuming 
that the probability of its joining in a coalition wa~ the same for each partner. Then, the sum 
of coalitions with siblings was divided by the number of available siblings, and the sum of 
coalitions with non-siblings was divided by the number of available non-siblings. 
Subsequently, these two values were compared with the expected number of coalitions in the 
Wilcoxon matched-pair test. The same procedure was repeated for the number of agonistic 
aids. The influence of age on the amount of help given was tested with the Kruskal-Wallis 
anova. 
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Reciprocity in agonistic help 
For a coalition to be regarded as reciprocal, either of two conditions had to occur: 1) two 
individuals jointly attacked a third one at least once; 2) one individual joined the other in an 
attack on a third at least once and the other joined the first in an attack on a third at least once 
(Fig. 7.2). As there was no reciprocity in agonistic aiding (see section 7.3.3), a more general 
definition, "reciprocity in agonistic help", was devised. This required two monkeys to help 
each other in an agonistic context at least once in each direction (i.e. A helps B at least once 
and B helps A at least once). 
7.2.2 Interplay between aspects of relationship 
Only focal animals and focal dyads are considered in this section. 
Dominance and affiliative behaviours 
To test whether the dominance rank (as defined in Chapter 2, section 2.7.3.1 and 
discussed in Chapter 4), has any influence over monkeys' play initiations, grooming or 
proximity maintenance, the dyads in which clear dominance ranks existed were considered. 
The values of play initiations, time spent grooming and number of approaches and number of 
leavings by a dominant monkey in a dyad were compared with the respective values by the 
subordinate monkey in that dyad, in the Wilcoxon matched-pairs test. 
Influence of rank on behaviours of an individual 
In groups where there were just a few immatures and one or two of them were usually 
siblings it was not straightforward to test whether immatures directed more grooming to 
other young higher or lower-ranking than themselves. Therefore, the following procedure 
was used. Only individuals which rank both higher and lower than at least one other non-
sibling monkey in a group, were taken into consideration. The exclusion of siblings was 
dictated by the fact that grooming in particular is directed mostly to siblings and that 
dominant siblings direct more grooming to the subordinate siblings than they receive from 
them (see ' section 7.4.1). Since in most sibling dyads the dominant monkey was also the 
older one (see Chapter 4, section 4.5.1), it remains unclear whether these differences were 
indeed due to rank or rather to age. If low-ranking monkeys did groom higher-ranking ones 
more than they groomed the lower-ranking, siblings which groom subordinates a lot would 
obscure the possible difference. The totals of grooming given and received, play initiations 
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given and received and proximity time with higher and lower-ranking monkeys were divided 
by the number of the higher or lower monkeys present in a group (partners which did not 
clearly rank higher or lower than the focal individual were also discarded). Thus, for 
example, Clive in Pen 3 in the first season was dominant to three non-siblings and 
subordinate to one. The amount of time he groomed the subordinates was added and divided 
by three, and the same was done with the time he groomed the dominant monkey, i.e. it was 
divided by one. Then, in the Wilcoxon matched-pair signed-ranks test, the weighted 
amounts of grooming given to dominants were matched with the weighted amounts of 
grooming given to subordinates. The same procedure was used to compare grooming 
received from dominants and subordinates, play initiations given, play initiations received 
and time spent in proximity. For the reasons mentioned above, however, there were only 7 
monkeys in the first season and only 8 in the second available for the comparisons (others 
were either dominant to all other immature in a group, or subordinate to them, or they were 
dominant or subordinate only to siblings). The tests were therefore repeated on both seasons 
together. The sample size N was then 15, but only 12 individuals contributed to it (three 
were the same in both seasons). 
Agonistic help and affiliative behaviours 
Two types of interventions in agonistic conflicts were considered. First, the instances of 
"help", as defined above, that is when two immatures fonned a coalition or aided each other, 
and second, the instances of "interferences by other" monkeys in conflicts of immatures. 
Only the interferences in which the interferer had clearly taken the side of one of the fighting 
monkeys were considered. The Spearman rank correlation coefficient was used to assess the 
relation between the measures. 
Partners reciprocal in more than one behaviour 
The dyads which were reciprocal play partners (Chapter 2, section 2.7.3.2, and Chapter 6) 
were examined for evidence of partner reciprocity in grooming and proximity; the partners 
which were reciprocal grooming partners were examined for reciprocity in play and 
proximity; and the partners which were reciprocal in proximity were examined for 
reciprocity in play and grooming. The values were tested with a X2 test. 
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Table 7.1 A Polyadic agonistic interactions which involved at least two immatures out of 26 in 
season 1986-87 and out of29 in season 1987-88. 
Aggressor Victim Interferer Season 1986-87 Season 1987-88 Total 
(Sibling status)t N=212* N=377* N=S89* 
Immature Immature Immature 49 (23.1) 85 (22.5) 134 (22.7) 
Immature Immature Adult 109 (51.4) 230 (61.0) 339 (57.6) 
(Siblings) Mother 38 (34.9) 67 (29.1) 105 (31.0) 
(Siblings) Other 5 (4.6) 16 (7.0) 21 (6.2) 
(Non-siblings) Mother 52 (47.7) 109 (47.4) 161 (47.5) 
(Non-siblings) Other 14 (12.8) 38 (16.5) 52 (15.3) 
Immature Adult Immature 6 (2.8) 20 (5.3) 26 (4.4) 
I)Coalition with irnmature:j: 
(Siblings) 6 (100) 17 (85) 23 (88.5) 
(Non-siblings) 0(0) 3 (15) 3 (11.5) 
Adult Immature Immature 48 (22.7) 42 (11.2) 90 (15.3) 
I)Aid to immature 5 (2.4) 21 (5.6) 26 (4.4) 
(Siblings) 5 (1 (0) 16 (76.2) 21 (80.8) 
(Non-sibling) 0(0) 5 (23.8) 5 (19.2) 
2)Coalition with adult 43 (20.3) 21 (5.6) 64 (10.9) 
(Siblings) 17 (39.5) 6 (28.6) 23 (35.9) 
(Non-siblings) 26 (60.5) 15 (71.4) 41 (64.1) 
* Numbers in parentheses are percentages. All numbers in bold print add to the bold sums at the 
top of the table, from which the bold-printed percentages were calculated. The numbers in plain 
print add to the last bold-printed number above them, from which the percentages in plain print 
were calculated. 
t Indicates that the two immatures involved were Siblings or Non-siblings. 
:j: All cases here are of an immature forming a coalition with the attacking immature; no immature 
was observed to aid an adult which was attacked by an immature. 
.. tures according to the type of I die conflicts involvmg Imma I d from the N Table 7.\ B The classification of p~ ya f an interferer. Percentages are calcu ~e tion of the 
conflict and the Identity 0 . I r type given separately for eac sec values of interactions of parucu a , 
table in bold print. 
. 
Type of conflict and interference Season 1986-87 Season 1987-88 Total 
Mother's inteiferences 
in immatures' conflicts 
N (of all adults' interferences) 109 230 339 
176 (76%) 266 (78.5%) 90 (83%) Mother's interferences ~ all 
Mother's interferences In 
67 (29%) 105 (31 %) 38 (35%) 
161 (47.5%) 
Siblings' conflict . 
52 (48%) 109 (47%) Non-siblings' conflIcts 
Mother's inteiferences in . 
her offspring conflicts except with 
Siblings 
N 90 176 266 
Offspring a victim 75 (83%) 142 (81 %) 217(82%) 
Offspring an aggressor 15 (17%) 34 (19%) 49 (18%) 
Immatures' interferences in 
conflicts between another 
immature and an adult 
N S4 62 116 
On behalf of immature 11 (20%) 41 (66%) 52 (4S%) 
On behalf of adult 43 (80%) 21 (34%) 64 (55%) 
( 
I 
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7.3 Results: Help in Agonistic Contficts 
7.3.1 The character of po/yadic agonistic interactions 
Out of the total of 4874 agonistic interactions among immatures observed OVer the two 
seasons, only 589 were polyadic conflicts, i.e. involving more than two individuals. The 
exact numbers and percentages of interactions in which immatures were aggressors, victims 
or in terferers are given in Table 7.1 A. Less than a quarter of those conflicts (134 out of 589, 
22.7%) were polyadic interactions among immatures only. In the remainder (77.3%) an adult 
monkey was most frequently an interferer (57.6%, 339 of 589), but also a victim (4.4%, 26 
of 589) or aggressor (15.3%, 90 of 589). (The numbers of polyadic conflicts of particular 
types in each pen are in Appendix B.) 
More than half of the polyadic conflicts in each season were the ones in which an adult 
intervened in an agonistic interaction of two immatures. Almost 80% (266 of 339, Table 7.1 
B) of those interventions were by the mother of at least one of the antagonists. Mothers were 
slightly more likely to interfere in non·siblings' disputes (161 of 266, 60% of mother's 
interventions in immatures' conflicts), and much more likely to interfere when their offspring 
was a victim (217 of 266, 82%) rather than an aggressor (49 of 266, 18% of all mother's 
interventions in conflicts with any group members except siblings). 
When an immature intervened in an agonistic interaction between another immature and 
an adult, the intervention was almost equally likely to be on behalf of the immature (52 of 
116,45%) as on behalf of the adult (62 of 116,55%). However, there was a difference in the 
direction of these interventions between seasons: in the season 1986-87 only 20% (11 of 5lI) 
were on behalf of the immature, and 80% (43 of 54) on behalf of the adult, in the season 
1987-8
8 
66% (41 of 62) Were on behalf of anotherimmature and 34% (21 of 62) on behalf of 
the adult. This could have been caused by the larger number of immatures in the second than 
in the first season and also by the fact that I have inclUded adult siblings in the "adult" category. 
7.3.2 IndividUal differences 
In both seasons siblings helped each other more than expected and non-siblings less than 
expected (Wicoxon matched-pair test, season 1986-87, sibling coalitions: N~23, Z~-2.60, 
P<O.OI; aids: N~23, 2=-1.99, P<0.05; non-sibling coalitions: N~26, 2=-2.77, P<O.OI; aids: N~26, 2=-1.99, P<0.05; season 1987-88, sibling coalitions: N~23, 2=-2.70, p<O.OI; aids: 
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N=23, Z=-2.54, p<O.01; non-sibling coalitions: N=29, Z=-2.91, p<O.OI; aids: N=29, Z=-2.45, 
p<O.01). There were no differences between the levels of help given by females and males. 
There was a slight age influence on the level of help given: Young and Old Juveniles tended 
to engage in more coalitions and aids (combined) than either Infants or 'Sub-adults (Kruskal-
Wallis anova, both seasons combined, X2=6.93, df=3, p<0.07). The median numbers of 
occasions when help was given to other immatures by animals of different ages together with 
interquartile ranges are presented in Fig. 7.3. 
7.3.3 Reciprocity in agonistic help 
Among siblings, coalitions occurred in 8 out of 13 dyads and in 8 out of 11 dyads in the 
first and second seasons, respectively. Among non-siblings, coalitions occurred in 4 out of 30 
and in 10 out of 36 dyads in the respective seasons. 
There were 7 out of 13 sibling dyads in the first season and 7 out of 11 in the second, 
which reciprocated coalitions, but only 3 out of 30 non-sibling dyads in the first and 9 out of 
36 in the second season which did so (Fig. 7.4 A) . 
Agonistic aid occurred in 7 out of 13 sibling dyads in the first season and in 9 out of 11 in 
the second; and in 3 out of 30 non-sibling dyads in the first and 7 out of 36 in the second 
season (Fig. 7.4 B). None of those was reciprocated, i.e., there was no case in which monkey 
A aided monkey B at least once and monkey B also aided monkey A at least once. 
The numbers of dyads reciprocal in agonistic help (that is, either in coalitions or in 
coalitions and aids, see section 7.2.1 above) were almost exactly the same as the numbers of 
dyads reciprocal in coalitions. Only in the first season one more sibling dyad was classified 
as reciprocal in agonistic help. In all cases the proportions of sibling dyads reciprocal in 
agonistic help were significantly higher than those of non-siblings (season 1986-87: 
X2=1O.09, df=l, p<O.OI; season 1987-88: X2=4.01, df=l, p<0.05; Fig. 7.4 C). 
7.4 Results: Interplay between Different Aspects of Relationships 
First, dominance (sections 7.4.1 and 7.4.2) and agonistic help (7.4.3) will be examined in 
relation to play, grooming and proximity. Second, the problem of whether dyads which are 
reciprocal in one behaviour are more likely to be reciprocal in another will be examined 
(7.4.4). 
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. tween the amount of play initiations, grooming and 
Table 7.2 The summary of dlfference~ be d by subordinate monkey in the dyad (see text, 
proximity leavings by dommant an 
section 7.4.1). 
Dominant vs Subordinatet 
BEHAVIOUR Season 1986-87 Season 1987-88 
Siblings n.s. 
D>S, p<O.OS 
PLAY INITIATIONS 
D>S, p<O.Ol 
Non-siblings D>S, p<O.OS 
Siblings D>S, p<O.Ol 
D~S, p=O.07 
GROOMING 
n.s. n.s. Non-siblings 
Siblings D<S, p<O.OS 
D<S, p<O.Ol 
LEA VING PROXIMITY 
D<S, p<O.Ol 
Non-siblings D~S, p=O.07 
. . d ranks test· n s - the difference not 
. t h d-palr slgne - , . . 
t Probabilities derived fro~ WIlcoxon ma c ~ d a particular behaviour more often than 
significant; D>S - Doml~ant partners ~ o~; less often than Subordinate; D~S and D~S -
Subordinates; D<S - Dommant partner'pe~ orm 
differences on the border of statistical Slgmficance. . 
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7.4.1 Dominance and affiliative behaviours 
The results are summarised in Table 7.2. Generally, the effects differed slightly between 
siblings and non-siblings. Dominant non-siblings initiated play more than subordinates 
(Wi1coxon matched-pair test, season 1986-87: N=27, Z=-2.04, p<O.05; season 1987-88: 
N=33, Z=-3.82, p<O.OOI) but among siblings this effect was significant only in the second 
season (1987-88: N=l1, Z=-1.89, p<O.05). In grooming, dominant siblings groomed their 
subordinate brothers or sisters more than they were groomed by them (season 1986-87: 
N=l1, Z=-2.70, p<O.OI; season 1987-88: N=l1, Z=-1.78, p<O.07) but there was no such 
difference among non-siblings. Similar effects in both sibling and non-sibling dyads 
emerged for proximity maintenance: there was no difference between dominants and 
subordinates in the amount of approaches, but subordinates left their dominant partners more 
often than they were left by them (Wi1coxon mathced-pair test, siblings: season 1986-87: 
N=12, Z=-2.35, p<O.02, season 1987-88: N=l1, Z=-2.70, p<O.OI; non-siblings: season 
1986-87: N=27, Z=-1.79, p<O.07, season 1987-88: N=33, Z=-3.83, p<O.OOI). 
Young monkeys coming from top-ranking families received more grooming from other 
immatures than the ones from low-ranking families (Mann-Whitney U-test, season 1986-87: 
N1=11, N2=5, U=6, p<O.OI; season 1987-88: N1=8, N2=5, U=5, p<O.02). No significant 
difference in grooming given was found; if anything, monkeys from top-ranking families 
tended to give more grooming than the others. (The top-ranking ones were offspring of the 
alpha-female in a group, the low-ranking ones were offspring of the third or lower-ranking 
female in a group; see Chapter 2, section 2.4.2.4) 
7.4.2 Influence of rank on behaviours of an individual 
Young monkeys tended to groom their dominants more than their subordinates (N=15, 
Z=-1.76, p<O.07), but they initiated play more with the subordinates than with dominants 
(N=15, Z=-2.04, p<O.05). The results obtained were the same as those for the second season 
alone, while the first season showed no differences. Grooming received by focal monkeys 
from dominants and subordinates, play initiations received and proximity time did not differ. 
It may be argued that the cumulative amount of, say, grooming given to higher ranking 
monkeys is more important than the average per dominant monkey. The procedure of 
averaging ~he cumulative scores by the number of animals available has been used before to 
test precisely the same hypothesis among female bonnet macaques (Silk 1982). Silk 
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Table 7.3 The correlations of the time spent on play, grooming and in proximity with the amount 
of help in agonistic conflicts and the interference by others among siblings (A) and 
non-siblings (B). 
(A) Siblingst 
Behaviour Season N Amount of help Others' interference 
Season 1986-87 13 r s=O.671, p<O.Ol r s =-0.13 8, p<O.3 
PLAY 
Season 1987-88 11 rs=-0.370, p<O.13 r s=-O.618, p<O.02 
Season 1986-87 13 r s=0.452, p<O.06 r
s
=0.309, p<0.15 
GROOMING 
Season 1987-88 11 r s=O.689, p<O.Ol rs=-0.073, p<O.4 
Season 1986-87 13 r s=0.485, p<O.05 r
s
=0.155, p<0.3 
PROXIMITY 
Season 1987-88 11 r s=O.516, p<O.05 rs=0.073, p<O.4 
(B) Non-siblingst 
Behaviour Season N Amount of help Others' interference 
Season 1986-87 30 r s=O.243, p<O.09 f
s
=0.175, p<0.18 
PLAY 
Season 1987-88 36 r
s
=0.170, p<0.16 fs=-0.045, p<O.4 
Season 1986-87 30 r
s
=0.102, p<0.3 f
s
=-0.166, p<0.19 
GROOMING 
Season 1987-88 36 r s=O.272, p<O.05 r s=-O.254, p<O.06 
Season 1986-87 30 r s=O.252, p<O.08 r s=O.259, p<O.08 
PROXIMITY 
Season 1987-88 36 r s=O.345, p<O.02 r s=-O.235, p<O.08 
t Probabilities derived from Spearman rank: correlation (two-tailed). Significant differences 
(a=O.I) are in bold type. 
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compared the rates of grooming given by females to other females higher ranking than 
themselves with the rates of grooming given to lower ranking females. The rates were 
divided by the number of dominant and subordinate females, respectively. However, it is 
worth mentioning that in my study the comparison of cumulative scores of each behaviour 
with dominants and subordinates yielded the same results as the comparison of averaged 
scores, i.e. the differences were found in grooming given, and play initiations given, but not 
in other behaviours (grooming given: N=lS, Z=-1.73, p<0.08; play initiations given: N=lS, 
Z=-1.96, p<O.OS). 
7.4.3 Agonistic help and affiliative behaviours 
The correlations between the two types of interventions ("help" and "intervention by 
others") and play, grooming and proximity separately for each behaviour, intervention type, 
season and sibling status were tested. , 
The results of these correlations are treated only as an indication of a possible interaction 
between two types of behaviour. Only the correlations with help were similar between 
siblings and non-siblings: both grooming and proximity were positively and in most cases 
significantly correlated with the amount of help in a dyad (Table 7.3). There was a slight 
positive correlation of play with help among non-siblings. Sibling play was significantly 
positively correlated with help in the first season, but negatively (though not significantly) in 
the second. There was a negative correlation of interference by others with play among 
siblings, but none other behaviour was significantly correlated with it. Among non-siblings, 
there was a negative correlation of interference by others with grooming. 
In summary, there seems to be an indication of a positive link between help in agonistic 
context and the amount of time spent grooming a.nd in proximity. Also, there seems to be 
less interference in agonistic conflicts of sibling partners who play a lot and in conflicts of 
non-siblings who groom a lot than in conflicts of other partners. 
7.4.4 Partners reciprocal in more than one behaviour 
Siblings were always more likely to be reciprocal partners in more than one behaviour 
(Fig. 7.S). They were also always less likely not to be reciprocal in any of the three 
behaviours than non-siblings, but this may be a consequence of the previous comparison 
being significant: as there was a limited number of partners, especially of sibling partners, 
when most of them were reciprocal it left a very small number of non-reciprocal dyads. 
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. . ' .' ractions of dyads reciprocal in agonistic help 
Table 7.4 InteractIOn RecIprocIty (IR~ m malt~ 'stic help (HR=O). (HR>O) and in dyads non-reclproc m agoru 
Siblings Non-siblings 
Season 1986-87 Season 1987-88 Season 1986-87 Season 1987-88 
HR>O HR=O HR>O HR=O HR>O HR=O HR>O HR=O 
PLAY 
Median IRt 0.54 0.54 
0.42 0.42 
4 2 4 2 2 8 High 
4 3 3 2 1 19 Low 
2 
Fisher's test Fisher's test X = 0.42 
P=1 P=1 P = 0.5 
3 10 
5 18 
X2=0 
P=1 
GROOMING 
Median IRt 0.20 0.20 
0.14 0.14 
4 2 4 1 1 8 High 
4 3 3 3 2 19 Low 
Fisher's test Fisher's test X2 =0 
P=1 P= 0.5 P=1 
6 10 
3 17 
2 X = 1.35 
P=0.2 
PROXIMITY 
MedianIRt 0.93 0.93 
0.92 0.92 
3 3 4 1 1 
12 
High 
2 3 3 2 15 Low 5 
Fisher's test Fisher's test l=o 
P=0.6 P= 0.5 P=1 
4 14 
5 13 
X2=0 
P=1 
. . T bl 6 10 "High" are dyads with IR scores above median; "Low" 
t IR medIans the same as m a e '. . 
are dyads with IR scores below medIan. 
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Thus if there were mere sibling thannen-sibling dyads which were reciprocal in each of the 
three behaviours (see Chapter 6), and in more than one behaviour, the reverse, i.e. less 
siblings than non-siblings not reciprocal in any behaviour, could have been expected to be 
trUe as well. 
Only one sibling dyad in each season was not reciprocal in any of the three affiliative 
behaviours or in agonistic help. Interestingly, they had the same age-sex combination: Old 
Juvenile brother with Infant sister (Samuel and Petra in Pen 2, in the first season, Daniel and 
Ingrid in Pen 3 in the second). This type of dyad, that is, two years older male - younger 
female, is the one which shows the lowest levels of affiliation. In those tWo particular dyads, 
there was almost no grooming and little play. The aggression levels were around 0.5 per 
hour of observation (which is less than the median level). Samuel and Petra played much 
less than Daniel and In grid , and they were not observed to be involved in any triadic 
conflicts. Although Daniel helped Ingrid twice, he also attacked her jointly with another 
immature once. 
Among non-sibling dyads reciprocal in more than one behaviour, half were peers (3 out 
of 6 in each season), and half non-peers. Peers were more likely to be reciprocal in play and 
grooming or all three behaviours (3 out of 3 in season 1986-87, 2 out of 3 in season 1987-
88), than non-peers. Non-peers were more often reciprocal in play and proximity or 
grooming and proximity (3 out of 3 in season 1986-1987,2 out of 3 in season 1987-88) than 
peers. In all except one non-peer dyads reciprocal in more than one behaviour (5 out of 6), 
one of the dyad members was the first offspring of a primiparous mother without any siblings 
available. In the remaining one dyad, one partner had only one older sibling. This pattern 
suggests that lack of siblings makes young monkeys form close relationships with older or 
younger immatures. 
The interaction reciprocity and partner reciprocity (see Chapter 2, sections 2.7.2 and 
2.7.3.2, and Chapter 6) were examined in dyads reciprocal in agonistic help. The dyads 
which had high IR indices in play, grooming or proximity were neither more nor less likely 
to reciprocate help (fable 7.4). When siblings and non-siblings were considered together, the 
reciprocal play, grooming, or proximity partners were more likely to reciprocate help in the 
first season (Mann-Whitney U-test; play: N1=16, N2=27, U=123, p<O.Ol; grooming: N1=19, 
N2=24, U=158.5, p<0.05; proximity: N 1=18, N2=25, U=131, p<O.Ol), but in the second only 
reciprocal grooming partners reciprocated help significantly more than non-reciprocal ones 
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ible for grooming and the other for 
Table 7.5 The dyads in which one partner was largely respons 
play initiations. 
Grooms Indl Ind2 Seasonal 
Indl (Sex) Ind2 (Sex) Indl Ind2 Seasonal in its inilS play grooming more grooms grooms 
IR play play IR 
Season 1986-87 
Non-siblings 
Van 19 12 0.375 0.20 0.61 0.227 00418 Cllve (M) Vanji* (F) Ber 11 6 
Adrian (M) Berylt (F) 0.00 0.53 0.000 19 28 0.294 
0.24 0.11 0.254 Mar 0.283 Mary (F) Rapunzel* (F) 0.32 0.334 Mar 18 31 
Mary (F) Trudy* (F) 0.65 
Siblings 
Van 26 16 00417 
Daniel (M) Vanji* (F) 0.14 1.86 0.104 
Season 1987-88 
Non-siblings 
Bal 21 32 0.310 
Daniel* (M) 0.86 0.02 0.014 21 42 0.339 Balbina (F) 0.05 0.216 Bal Balbina (F) Tequila* (F) 0.84 4 12 0.333 
0.15 0.07 0.252 Gre Gretel (F) Tequila* (F) 
Siblings 
Rap 116 63 0.574 
Jomo (M) Rapunzel* (F) 0.51 3.24 0.167 
* The dominant monkey in a dyad is marked with a star. 
t Uncertain rank relation in the dyad. 
InilS. 
more 
Cll 
Adr 
Rap 
Tru 
Dan 
Dan 
Teq 
Teq 
Jom 
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(N1=15, N2=32, U=151, p<O;Ol). When siblings and non-siblings were considered 
separately, only partners reciprocal in play in the first season tended to be also reciprocal in 
agonistic help (siblings: N1=5, N2=8, U=9, p<O.09; non-siblings: N1=8, N2=22, U~69, 
p<O.08). 
7.5 Results: Exchange of Different Behaviours 
It could be said that two monkeys exchange different behaviours if one monkey 
consistently gave more of one behaviour to the other than it received, but equally 
consistently received more of another behaviour than it gave to the . other monkey. This 
question could be investigated on a short time-scale, e.g. discovering whether monkey A 
groomed monkey B following a polyadic agonistic interaction in which monkey B helped 
monkey A. The other possibility is to look at the amount of several behaviours given and 
received within a dyad and find out whether one monkey is consistently a giver of one but a 
receiver of the other. This approach has been taken here. 
Three possibilities were considered: exchange of grooming for agonistic help, of play 
initiations for agonistic help and grooming for play initiations. The amount of help was 
generally on a very low level and no evidence of any exchange for grooming or play was 
found. In dyads where there was a great disproportion in the amount of grooming given, it 
was usually the more generous groomer who was also a helper more often. In the cases 
where play initiations were distributed unevenly, there was usually very little or no help in 
the agonistic context observed. This left a possibility of reciprocal exchange of grooming for 
play. The dyads in which the imbalance in both grooming and play initiations was relatively 
large (the ratio was at least 3:4), but in which the directions of this imbalance were opposite 
(i.e. A groomed B more, but B initiated play with A more than vice versa), are listed in Table 
7.5. There were 5 such dyads in the first season (one sibling), and four in the second (again 
one sibling dyad). Out of these 9 dyads, 5 were mixed-sex dyads and four female dyads. In 
the mixed-sex ones, the female was always responsible for more grooming than the male, 
regardless of the age difference and dominance. In the female dyads, the subordinate was 
always responsible for more grooming than the dominant one, regardless of the age 
difference. 
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7.6 Discussion 
The first part of the hypothesis fonnulated at the beginning of this chapter was concerned 
with the agonistic help given and received by young monkeys. Although they help each other 
in conflicts rather rarely, there is evidence that siblings reciprocate agonistic help more than 
non-siblings. Reciprocated help occurred in more than 60% of sibling dyads, compared with 
no more than 25% of non-sibling dyads. When a young monkey interfered in a conflict, it 
was almost as likely to be a dispute between two other juveniles as one between a juvenile 
and an adult. However, they were always more likely to interfere on behalf of their immature 
siblings than non-siblings. Adult primates support their kin more than non-kin in many 
primate species (rhesus macaques: Kaplan 1977; Bernstein and Ehardt 1985; Kaplan et al. 
1987; pigtail macaques: Massey 1977; bonnet macaques: Silk 1982; Japanese macaques: 
Kurland 1977; Watanabe 1979; baboons: Cheney 1977; Dunbar 1980, 1984). Kinship, 
therefore, seems to be the strongest factor in detennination of agonistic help, both in adult 
and young monkeys. 
The results presented above have clearly shown that despite the small amount of help 
given by immatures, they are able to reciprocate it. Interestingly, aiding itself was never 
reciprocated. A similar phenomenon was observed among young children, where very little 
reciprocity (as defined in this study) was found (Ginsburg and Miller 1981). This may have 
been due to the nature of agonistic aid: it is interference on behalf of a victim. This kind of 
interference implies that the interferer is not afraid of the original aggressor. Among young 
monkeys it is usually the older, dominant or stronger monkey who aids the other. Among 
children (see Ginsburg and Miller 1981), dominant members of the playgroup were the aid-
givers. If that is the case, a monkey does not need help from its weaker partner in the 
conflicts with monkeys who are even weaker than, this partner. In the conflicts when it does 
need help, however, the previously aided partner is itself not strong enough to be able to 
provide that help. Interfering on behalf of the victim, as in giving agonistic aid, seems to be 
much less safe than joining the aggressor, as in fonning a coalition. When coming to an aid, 
the helping monkey is in one-to-one conflict with the original aggressor, in a coalition the 
helper tips the balance on behalf of the aggressor by making it a two-to-one conflict. This 
may be why coalitions and reciprocated coalitions are more frequent than aids among young 
monkeys. 
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The second part of the hypothesis was concerned with the different aspects of 
relationships and their influence on each other. The evidence points to a strong interplay 
between the various aspects of the relationships considered. The effects of this interplay can 
differ in sibling and non-sibling dyads. Dominant non-siblings initiate play more than their 
subordinate partners, but this effect is much less pronounced among siblings. It may be that 
a dominant monkey would respond to a play initiation from a subordinate one more readily if 
it is a sibling, than if it were a non-sibling. In contrast with play, dominant siblings are 
responsible for more grooming than their subordinate brothers or sisters. This, however, 
may be a consequence of the fact that in most cases the dominant monkey was also the older 
one. Older monkeys groom more than younger ones (see Chapter 3) and thus it would be 
difficult to separate the effect of age and rank in this case. The subordinate dyad members 
were responsible for leaving the proximity of their dominant partners more frequently than 
vice versa, both in sibling and in non-sibling dyads. Thus, it can be said that dominance rank 
influences the pattern of interactions between young monkeys, though this influence is much 
clearer in relationships of non-siblings. 
Another part of the same question was whether there are links between affiliative 
behaviours and agonistic help. The positive correlations between the amount of agonistic 
help and time spent grooming and in proximity, both among siblings and non-siblings, also 
indicates that one side of a relationship is not independent of the other: it might be that by 
grooming and being close to another monkey, an individual can increase its chance of being 
helped by that monkey. There are two ways in which this can work: either by increased 
familiarity caused by the amount of time the two spent together or simply because animals 
are more likely to help another if the conflict happens in the vicinity. However, if the second 
possibility was true, then the interference would have a random character: the interferer 
would be equally likely to help either side. There is no evidence that interferences are 
random, hence familiarity seems to be the factor which influences help in agonistic 
interactions. It has already been shown for adults that the likelihood of receiving support in 
conflicts increases with the amount of time two monkeys spend grooming (Dunbar 1980; 
Goosen 1981; Strum 1983; Seyfarth and Cheney 1984; Dunbar 1988). According to Seyfarth 
(1976, 1983) it would be more advantageous to groom high ranking individuals as their 
support is more valuable. It has indeed been shown that monkeys of several species direct 
grooming up the dominance hierarchy (vervets: Seyfarth 1980; gelada: Dunbar 1980; 
hamadryas: Stammbach 1978; bonnet macaques: Silk et al. 1981; Silk 1982). There is also a 
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tentative indication in my study that this is the case among immature rhesus monkeys. The 
correlation of grooming with support, on the other hand, may be an effect of increased 
familiarity resulting from a mutual demonstration of good will during grooming (Goosen 
1981): willingness to spend time on grooming by the groomer, relaxing defences and 
allowing close access to vulnerable parts of the body by the groomee; or an effect of 
increased predictability of partner's behaviour resulting from frequent close contact during 
grooming (Dunbar 1988; see also Kummer 1978). Like grooming, time spent in close 
proximity increases the familiarity of two monkeys by increasing their predictability and 
availability to each other (Kummer 1978). 
This leads us to the third part of the initial hypothesis, namely, can young monkeys 
reciprocally exchange different behaviours? Despite the above and the positive correlations 
of grooming and proximity with agonistic help, there was no evidence for a direct exchange 
of grooming for help among young rhesus monkeys. It seems, therefore, that the associations 
do not work in the same way as the ones found among adult primates. However, Dunbar 
(1980) found that there was no correlation between the time spent interacting and probability 
of support for adult gelada baboons females which interacted more than the median 
proportion of time in the group. He suggested that the fact of interaction may be more 
important than the degree of interaction for the quality of relationship. This explanation 
would apply to the immature rhesus monkeys considered here. It is rather the monkey which 
gives more grooming in a dyad that also supports the other in a conflict. In accord with 
Dunbar's proposition, the above finding also points to the familiarity of two monkeys as the 
most important feature of relationships (see also Bekoff 1981). The question which needs to 
be answered, however, is why should young monkeys groom others and support them if they 
do not receive support or grooming in return? There might be other aspects of young 
monkeys' relationships which have not yet come to light. For example, grooming a younger 
monkey may be in itself rewarding: there is evidence that juveniles, especially females, 
compete for access to babies and infants (Nicolson 1987). This competition may be caused 
either by the attractiveness of the infant, or, because interacting with an offspring of a female, 
be it playing, grooming, staying close or even supporting, may also be a key to a good 
relationship with this female. The fact that monkeys do groom other immatures who come 
from top-ranking families more than those from the low-ranking ones seems to support this 
possibility (see section 7.4.2 in this Chapter). Further support comes from the finding that 
interference by others in disputes of the immatures is negatively correlated with play among 
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siblings and with grooming among non-siblings (see section 7.4.3 above). As rhesus 
monkeys have been claimed to be able to assess the relationships between other monkeys 
(triadic awareness, e.g. de Waal 1989b) it may be that play and grooming between two 
individuals are the indications used by other group members to judge the quality of 
relationships between immatures. Thus, the more the two monkeys groom together the less 
serious is their conflict likely to be and therefore, perhaps, the less the need for others to 
interfere in their disputes. 
7.7 Summary and Conclusions 
In this chapter, the relationships between sibling and non-sibling young monkeys and 
their reciprocity were investigated. The reciprocity of agonistic help and in other behaviours 
as explained in Chapter 6 as well as the relations between different behaviours in a dyad were 
considered. On the whole, irnrnatures support each other only in about a third of all polyadic 
agonistic conflicts they are involved in. Siblings were found to be more reciprocal in 
agonistic help than non-siblings, but agonistic aiding was never reciprocated in kind in any 
immature dyad. Grooming and proximity were positively correlated with the agonistic help 
in a dyad. Interference by other monkeys in immatures' conflicts was negatively correlated 
with play among siblings and with grooming among non-siblings. Especially among non-
siblings, rank influenced various aspects of relationships. For example, dominant monkeys as 
a group initiated play more than subordinates and in individual comparisons of play 
initiations directed towards higher and lower-ranking partners, monkeys directed more 
initiations towards monkeys ranking lower than themselves than to the higher-ranking ones. 
They also tended to groom the dominants more than the subordinates. Siblings were more 
likely than non-siblings to be reciprocal in more than one behaviour, and those partners who 
were reciprocal in affiliative behaviours tended to reciprocate agonistic help as well. 
The implications of the above findings are discussed in view of existing knowledge about 
adult primate relationships. The possible benefits of reciprocal relationships and of those 
which are not directly reciprocal are considered, because no evidence of a direct exchange of 
different behaviours was found. Familiarity with partners achieved through affiliative 
behaviours with them is considered to be a key feature of reciprocal relationships. In 
general, sibling relationships are more likely to be.reciprocal in at least some aspects than 
those among non-siblings. 
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8. BEHAVIOURAL RECIPROCITY AS A PATTERN, 
QUALITY AND MECHANISM 
Chapter 8 
According to the scheme proposed by Hinde (1976, 1979), a description of the 
behavioural aspects of relationships must include the content, quality, and patterning of 
interactions between partners, and the social context within which they occur. All these four 
dimensions have to be taken into consideration while describing any social relationship. The 
content and social context of relationships can be directly observed. However, both 
patterning and quality can only be inferred from the facts observed and are therefore more 
difficult to assess objectively than the former two dimensions. I would like to argue here that 
behavioural reciprocity is a concept which can help describe the pattern and quality of a 
relationship, on the basis of its content and social context. In addition, I' shall discuss 
reciprocity as a mechanism in the social development of young primates. 
8.1 Reciprocity as a Pattern of Social Interactions 
The following three bases for describing patterns of social interactions and relationships 
are needed: first, characteristics of individuals, like age and sex; second, characteristics of the 
individuals in relation to others, like status or rank, and difference in age; and third, 
independent characteristics of animals' habitat. Sex and age are individual characteristics 
and as such, can explain some individual variation in behaviours. Play provides an example 
of behaviour strongly influenced by the above characteristics. For example, among immature 
primates, males play more than do females (baboons: Owens 1975; Young et al. 1982; 
macaques: Caine and Mitchell 1979a; Ehardt and Bernstein 1987; talapoins: Wolfheim 1977) 
and the amount of play performed by an individual declines with its age (Caine and Mitchell 
1979). Although essentially individual, these ch,¥,acteristics also influence behaviour of a 
dyad. Males play more with other males than with females (baboons: Cheney 1978; 
macaques: Ruppenthal et al. 1974; Symons 1978; Hayaki 1983; talapoins: Wolfheim 1977) 
and in play of male-male dyads there is more wrestling than chasing (Owens 1975; 
Wolfheim 1977; Symons 1978). Relative individual characteristics, like status or rank, also 
have strong influence on play (Fady 1969; Caine and Mitchell 1979b). Patterns of behaviour 
can also be considered with reference to the time of year in which it occurs. In wild 
populations of mammals, the amount of play performed by immatures has been shown to 
depend on the season (Hyrax spp: Magin 1987; vervet monkeys: Lee 1983) and habitat 
quality (Saimiri spp: Baldwin and Baldwin 1973). Here, then, behavioural patterns are 
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described with reference to the relative frequency of occurrence in time. 
The relative characteristics of individuals help us to characterize their relationships more 
precisely (Ross and Lollis 1989). Some aspects of relationships can be predicted from 
objective individual characteristics (e.g. there will be little or no play among the adult 
females of many primate species, but it is very likely that they will groom each other, Silk 
1982), and others from the time of year in which they occur (adult females participate in 
sexual consortships only at certain times, as when in oestrus; Hrdy and Whitten 1987). 
Nevertheless, the essential properties of a relationship can often be predicted only from the 
identities of both partners in a relationship. In this study, interactions of immature monkeys 
were explored mainly in dyadic contexts. Both affiliative and aggressive interactions were 
shown to depend on whether dyad members were siblings or not: more affiliation and more 
aggression was observed in sibling than in non-sibling dyads (Chapters 3 and 4). Among 
non-siblings, relative age was a very important factor as well: same-age dyads (peers) were 
more affiliated than dyads distant in age (Chapter 3). There was also more aggression 
between Old Juveniles and Infants than between Young Juveniles and Infants (Chapter 4). A 
balance of partners' relative contributions to interactions within their relationships, was then 
investigated. As defined (Chapter 2, section 2.7.2), Interaction Reciprocity characterized a 
dyad, and not an individual. A similar way of assessing individuals' relative contributions to 
their interactions has been employed before (e.g. Colvin and Tissier 1985; Ross et al. 1988) 
and was discussed in Chapter 5 under the common name of dyadic reciprocity (section 
5.2.2). Used in such way, the concept of reciprocity describes patterns of interactions, which 
are unique to each dyad and thus depend on the mutual adjustments of the two partners to 
each other (Ross and Lollis 1989). Employing reciprocity to discover patterns of interactions 
has proved useful in this study (Chapter 6) and as well as in other studies (e.g. Kurland 1977; 
Silk 1982; Colvin 1983a). Although the pattern of dyadic reciprocity is essentially a measure, 
inferred from the behaviour of partners, it proved to be more informative than the duration 
(or frequency) measures alone. To take only a few examples: Kurland (1977) showed that 
grooming was more frequent among kin than non-kin Japanese macaques, grooming 
reciprocity, however, was low among relatives. Colvin and Tissier's study of immature 
rhesus males (1985) revealed that although there were no differences in the amount of play in 
various dyads, the reciprocity of various kinds of play differed: approach-withdrawal play 
was reciprocal, but wrestling (including playful hitting) was not. Immature monkeys in the 
present study spent much more time close to their siblings than to non-siblings, but the 
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Interaction Reciprocity in the responsibility for proximity maintenance was almost equal in 
both types of dyads. In contrast, immature grooming, both in the present study and in Colvin 
and Tissier's (1985) was more frequent and more reciprocal between siblings than non-
siblings. Thus, together with the amount of time two individuals spent interacting, dyadic 
reciprocity helps to build a picture of the content and patterning of their relationship. 
8.2 Reciprocity and Quality of Relationships 
Qualities of relationships can be categorized in four ways: 1) intensity; 2) non-verbal 
communication; 3) interdependence of the behaviour of two interactants; 4) content and 
presentation of verbal material (Hinde 1979). The first three of these can and have been 
applied to primates. Thus, primate relationships have been categorized in terms of their 
intensity (grooming: McKenna 1978, Saunders 1987; aggression: Bernstein et al. 1983, 
Thierry 1986), in terms the involvement of non-verbal communication (Hinde 1972; Seyfarth 
1987; Zeller 1987) and the interdependence of behaviours of two partners (for example, in 
mother-infant dyads: Hansen 1966; Hinde and Spencer-Booth 1971; de Jonge et al. 1981; 
Negayama 1981; Hinde 1983b; Simpson and Howe 1986; Simpson and Simpson 1986; in 
sibling dyads: Sade 1965; Owens 1975; Colvin 1983a, b; Lee 1987; Janus 1987, this study). 
In this last category, the concept of reciprocity can provide a framework for understanding 
the quality of relationships. 
Meshing 
First, reciprocity reflects the partners' adjustments to each other. The phenomenon called 
"behavioural meshing" (Hinde 1974; Hinde and Simpson 1975; Hinde 1979) as opposed to 
"dissonance" has been suggested to characterize relationships between partners whose 
behaviours are well integrated with each other. Considering the probability of leaving each 
other's proximity by mother or by infant after proximity bouts of variable lengths, Hinde and 
Simpson (1975) showed that some rhesus mother-infant dyads were much better meshed than 
others: the mother seemed to be leaving her infant at a time when the infant was likely to 
leave anyway. Such way of examining meshing differs slightly from assessing reciprocity of 
partners' contributions, and thus it has to be stressed that the two concepts are not identical. 
However, the interactions of young monkey it can be assumed that the extent to which one 
responds in kind to another's behaviour reflects a degree of their "meshing". For example, in 
play, the best indicator of behavioural meshing would be based on the responses to play 
initiations, with relatively more frequent reciprocated initiations indicating more meshing in 
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a dyad. It appeared, however, that nine out of ten play initiations were responded with 
playful behaviour (Chapter 3, section 3.3.3), and dyads did not differ in any obvious way in 
the amounts of unresponded initiations. The conclusion can be drawn here, therefore, that 
play seems to be generally well meshed among immatures. Another measure reflecting the 
degree of meshing that could be used would be the balance of reciprocated initiations, which 
is indicated by the play Interaction Reciprocity measure in this study. 
Similar reasoning can be applied to grooming. One indication of behavioural meshing in 
grooming, could be a degree of responding with grooming to grooming solicitations by each 
partner. In the relative absence of grooming solicitations among immatures (Chapter 3, 
section 3.4.3), the degree of meshing in grooming could also be measured by examining the 
partners' responsibility for grooming. Then, evenly balanced grooming would indicate better 
meshing. Therefore, having information on reciprocity, we can also, to a certain extent, say 
something about behavioural meshing in a dyad. 
Degree of affiliation with different partners 
The second aspect in which reciprocity indicates a quality of relationship, is the mutual 
degree of affiliation, as expressed in partner reciprocity (Chapter 6). Reciprocal partners are 
individuals who interact with each other more than with other partners. Partner reciprocity is 
a necessary condition for friendship between children (Howes 1988; Bukowski and Hoza 
1989). This quality reflects not only mutual adjustments in behaviours in a dyad, but also 
their behaviour in the social context of other group members (Howes 1988). Partner 
reciprocity also characterized "special relationships" between strongly affiliated male and 
female baboons (Smuts 1985) and strong peer relationships among immature rhesus males 
(Colvin 1983a). Such dyads spend more time together and the reciprocity of their 
interactions is sometimes higher than of non-reciprocal partners (Rasmussen 1983; Colvin 
and Tissier 1985). 
Behaviours like proximity, and, slightly less so, grooming, can indicate strong kin bonds 
much more clearly than play can, because rhesus immatures play as much with their peers as 
with their siblings. As argued in Chapter 6, grooming and proximity are essential behaviours 
in close relationships between adult monkeys. The kin-association pattem in these 
behaviours could then be a preparation for the requirements of the adult life. One of 
supposed functions of play is the acquisition of social as well as physical skills (Poirier and 
Smith 1974; Fagen 1981; WaIters 1987). Given the fact that families spend a lot of time 
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together, practising social skills in play which involves close contact with less related or 
unrelated individuals may have an important bearing upon the fonnation of relationships 
with partners coming from a different family background. 
Even among individuals who spend a considerable amount of time together, not all of 
them will necessarily be reciprocal. If dyad A-B plays more than other dyads it can be that A 
plays more with B than he plays with other partners, and B plays with A more than with 
other partners, and therefore their degree of affiliation in play is reciprocal. It can happen, 
however, that B plays with some other partners more than with A. In this case, A-B will not 
be reciprocal dyad, which may indicate that for B the quality of play with A is lower than his 
play with those other partners. Examining particular individuals in the situation described 
above makes such a possibility seem likely. For example, Vanji, a 2.5 year-old female, 
played with her 1.5-year-old brother Daniel more than with anybody else in their group 
(having six other immature partners to choose from). However, Daniel played with Clive, a 
2.5-year-old non-sibling male and with several other partners more than with Vanji. For 
Daniel play with another male of the same age as his sister may have been more interesting 
than with her, perhaps because the male-male play is more intense with its higher proportion 
of rough-and-tumble than play with females. 
There were a few non-sibling dyads which were reciprocal in more than one, and 
sometimes in all three behaviours (Chapter 7). Peers accounted for half of such close 
relationships. In the remainder, one of the partners was almost exclusively a first-born and 
the other an offspring of the first monkey's mother's close relative. A high degree of 
relatedness in the Madingley colony means that most of non-sibling immatures were related. 
The exact influence of mothers' relatedness on their offsprings' relationships must therefore 
remain a matter for speculation. However, some iI)dication that this is not merely an artefact 
caused by captivity comes from evidence on free-ranging, large groups of macaques (rhesus 
monkeys: Bennan 1980a, 1982a, 1983; Japanese monkeys: Hiraiwa 1981). Among the free-
ranging rhesus monkeys inhabiting Cayo Santiago island, close female relatives of a female 
are more frequent associates of her infant and protect it more frequently than distant or 
unrelated group members (Bennan 1980, 1982a). In addition to the influence of maternal kin 
on young monkeys' relationships with other young, there may be some idiosyncratic quality 
in such "unmatched" non-peer partnerships, making them attractive to both partners. Non-
sibling grooming reciprocal partners, for example, are more likely to have higher grooming 
Interaction Reciprocity scores than non-reciprocal partners (Chapter 6). In some special 
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social contexts, a monkey may interact more eagerly with an older or younger partner than 
with a peer, for example, if the peer is an offspring of a female much higher ranking than its 
own mother (Fady 1969; Cheney 1978b; Caine and Mitchell 1979b). In primate societies 
organized along maternal family lines, maternal kin may interfere with and disturb young 
monkeys' interactions with unfavourable or unfamiliar partners, like those from different 
matrilines (Chapter 6, Discussion). It is possible, therefore, that not only siblings but also 
non-peers coming from the same matriline as a young monkey are more likely to form 
relationships more reciprocal than those between peers coming from different matrilines. 
Willingness to take risk 
Reciprocity of agonistic help is a phenomenon far more common in sibling than in non-
sibling dyads. As such, it may signify another quality of relationships: the willingness to take 
risk (slight as it may be) on behalf of another individual, or, perhaps to defend interests of 
another. It has been demonstrated that such willingness is always greater when a kin member 
is to be defended (e.g. Massey 1977; Kaplan 1978; reviewed in Silk 1987). Without a closer 
examination of contexts of triadic agonistic conflicts, it cannot be ruled out, however, that 
they are formed on purely opportunistic grounds. But even then, attacking someone jointly 
with a partner shows other group members (especially the target) that there is a bond 
between the coalition partners. The occurrence of coalitions in dyads of immature monkeys 
in my study was almost identical with the occurrence of reciprocal agonistic help in dyads 
(Chapter 7, section 7.2.3). 
8.3 Reciprocity as a Mechanism in Development 
Dyadic reciprocity between partners could be a starting mechanism for the development 
of a long-term bond (see Chapter 5 for discussi<:>n of this hypothesis). In this view, the 
ability and willingness to reciprocate a behaviour becomes a social skill, and can be used as 
such. Smuts (1985) reported that male baboons groomed females more when initiating 
friendship than they did once the relationship was established. In established friendships, 
females were responsible for about 80% grooming (Smuts 1985). Therefore, a question can 
be asked: how a young monkey learns to behave reciprocally? This question cannot be fully 
answered yet, but an attempt to throw some light on possible processes can be made. 
On the basis of child development theories (Youniss 1980), which suggest that the 
authoritarian character of parent-offspring relationship prevents a child from learning 
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reciprocity from its parents, it has been suggested that reciprocity requires some similarity 
between the partners (Chapter 5). In primates, mother and offspring dyads are rarely 
reciprocal. Even if they become reciprocal, this does not occur before the offspring grows up 
(Cheney 1978; Nishida 1988). However, rhesus macaque infants' social network remain very 
similar to those of their mothers' (Berman 1982a, 1983). Berman (1983) suggested that 
mothers pass on their patterns of distributing interactions among group members to their 
infants, by controlling their infants' interactions with others from an early age. These 
patterns of stronger affiliation with kin than with non-kin, persisting to adulthood, may be 
partly learned from mothers. It does not seem likely, though, that interactions with mother 
can teach a young monkey to reciprocate behaviours: neither grooming (Gouzoules and 
Gouzoules 1987) nor responsibility for proximity (Hinde and Spencer-Booth 1967; Berman 
1980a) are reciprocal in mother-infant relationships. Thus, though young monkeys probably 
learn from their mothers with whom to interact, they may need other cues if they are to learn 
how to interact. For example, their grooming with mothers is not reciprocal, at least until 
they grow up, and there is no evidence that a lack of reciprocity in a mother-infant 
relationship impairs that relationship. It can be supposed, however, that if a monkey does 
not groom another immature in return, their relationship can suffer. It may be, therefore, that 
a young monkey learns to reciprocate behaviour during the course of its interactions with 
partners other than the mother. 
Let us take grooming example first. Infants rarely allogroom before they are a few 
months old (rhesus: Hinde and Spencer-Booth 1967). But interactions with young infants 
can be rewarding for other reasons, such as opportunities they provide for practising 
mothering, or developing relationship with infant's mother (see Nicolson 1987, for a review). 
After that time, the physical skills necessary for grooming are probably fully developed, and 
the youngster can be expected to reciprocate grooming. If it does not, and its grooming 
relationships are consistently unilateral, its partners may then stop grooming it, and devote 
that time to grooming someone who would reciprocate their grooming. Such a turn of events 
is at this stage only speculation. Nevertheless, some indirect support for this can be found. 
First, as Seyfarth and Cheney's (1984) experiment with vervet monkeys showed, primates 
seem to be capable of "remembering" whom they groomed recently. Second, it has been 
shown in this study, that the grooming of reciprocal non-sibling partners is characterized by 
higher Interaction Reciprocity than is the grooming of non-reciprocal partners (Chapter 6). 
Third, grooming among non-siblings was negatively correlated with the interference in their 
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conflicts by other group members (Chapter 7). Finally, during my observations of rhesus 
monkeys in the Madingley colony, I have witnessed prolonged sessions of grooming 
between various partners (including adult females and adult male), where one of them was 
grooming for most of the time, but when it stopped occasionally, the groomee would in turn 
groom it for a few seconds or longer, until the original groomer resumed its activity, 
whereupon the groomee would relax again. These facts indicate that there is some relation 
between reciprocity of grooming and its quality, in terms of being reciprocal partners and in 
terms of other monkeys' perception of their relationship. They also indicate that some 
reciprocity in grooming interactions may be a necessary condition for a maintenance of 
relationship . 
. A slightly simpler, but similar picture emerged for play: both among siblings and non-
siblings, reciprocal play partners had high play Interaction Reciprocity scores (Chapter 6). 
As emphasized in Chapter 6, there are two possible ways in which this outcome could have 
been achieved. First, it would be consistent with the above hypothesis for reciprocity in play 
initiations (IR) to make two partners attractive to each other and thereby cause them to play 
more than with other partners, and consequently become reciprocal play partners. 
Alternatively, the high IR would develop between reciprocal partners as they interact with 
each other increasingly often. Before a detailed study following a monkey's reciprocity in its 
interactions with different partners from its first weeks of life is carried out, neither of these 
hypotheses can be ruled out. 
Interaction Reciprocity in any of the three behaviours did not depend on the age of 
partners (Chapter 6). However, age influenced to a certain degree the amount of time dyads 
spent on play, grooming, in proximity (Chapter 3) and how aggressive they were to each 
other (Chapter 4). Unlike in the mother-offspring relationship, where reciprocity seems to 
develop when the offspring matures (Cheney 1978; Nishida 1988), in immature monkeys 
relationships with each other, reciprocity seems to provide the means of developing a high 
dygree of affiliation. 
8.4 Immatures' Reciprocity: Kinship, Familiarity or Similarity? 
I was able to show that among immature rhesus monkeys, siblings have more reciprocal 
relationships than non-siblings. But does it follow automatically that if two individuals share 
one or both parents, their relationships will be reciprocal? Some bird species provide an 
example of fully non-reciprocal relationships wi th siblings (Emlen 1980) and the same is true 
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for marmosets and tamarins (Goldizen 1987; Tardif et al. 1987): young animals help their 
parents to raise their younger siblings, but they themselves are hardly ever helped by those 
particular individuals whom they helped. An animal's social behaviour is influenced by the 
«hoice of potential interactees that it has available (Dunbar 1987). It is therefore important 
to realize how species differ in demographic and reproductive characteristics. Macaque and 
baboon youngsters are, generally, much "better off" than many other primate species in the 
degree of availability of like-age partners, both siblings and non-siblings (Jolly 1985). In 
apes, long inter-birth intervals (Harvey et al. 1987) and small group size (Smuts et al. 1987) 
mean that infants have at best a three or more years older sibling and one or two unrelated 
young partners. In contrast, callitrichid immatures have very little opportunity to interact 
with young other than their siblings (Goldizen 1987; WaIters 1987). Marmosets and 
tamarins usually live in small family units, with one breeding female, and · young which 
mature at between one and two years of age (Goldizen 1987). Little is known about play and 
grooming between young callitrichids in wild. Box's (1975) study on captive common 
marmosets indicated that there was very little grooming between juveniles, and adults' 
grooming was characterized by little reciprocity. Play was more frequent among juveniles 
than among adults, and there was some evidence of higher play associations between some 
dyads than others. These findings, however, cannot be related to the amount of allomaternal 
behaviour received from specific partners. Thus, they do not help to show whether sibling 
relationships which are not reciprocal in one context (allomaternal behaviour) can be 
reciprocal in other (play or grooming). We need more information about patterns of social 
behaviour in species with different group structures to those found in the well-studied 
Cercopithecinae. Until such data are available, it will not be possible to distinguish whether 
the high reciprocity between siblings is due to their kinship, familiarity or similarity. 
8.5 Thoughts on Links between Immaturity and Adulthood 
Reciprocity in behaviour of adults is well documented for both human and non-human 
. primates. The question of how proficient immatures are in reciprocal exchange was 
investigated in this study. It has been shown that young monkeys were capable of reciprocity 
on an immediate basis, reciprocally returning play initiations, grooming or approaches (i.e. 
responsibility for proximity maintenance). They were also reciprocal over a longer time-
scale, being each other's most frequent partners in play, grooming and proximity. The 
existence of reciprocity among immatures, together with the fact that it is more frequent in 
the behaviour of closely related partners, could provide a foundation for the further 
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investigation of the links between "behavioural patterns in the pre-reproductive period and 
complex social behaviour in adulthood. 
As it clearly emerged that immatures are able to form associations between their 
behaviour and the behaviour of others, the hypothesis that the reciprocal characteristics of 
social relationships between immatures may be considered as precursors of the reciprocal 
exchange of behaviours found in adult primates, seems very likely. Although there was no 
evidence that immatures reciprocally exchange different behaviours, the reciprocity in 
interactions and in affiliation patterns are sufficient to support this hypothesis. Reciprocity 
may constitute a pattern which reveals itself in various ways at different developmental 
stages (Hinde 1987) because immatures' have little to exchange between themselves in the 
same way adults do. A form of reciprocity most commonly found in adult primates is 
considered to be an exchange of grooming for agonistic help (WaIters and Seyfarth 1987; 
Seyfarth and Cheney 1988b). Because an age difference between young monkeys means also 
a considerable difference in size and strength, immatures are rarely in the position to 
reciprocate agonistic aid. Hence the fact that there was no indication of such trading between 
immatures may have been a simple consequence of their condition. However, juveniles can 
be expected to form relationships with adults, in which they would groom their adult partners 
and receive support and protection in conflicts from them in return (e.g. Silk et al. 1981). 
Formation of reciprocal relationships in which behavioural acts are reciprocated on a 
long-term basis would be advantageous only if individuals were expected to remain together 
for a considerable length of time. As in many primate species members of one sex usually 
emigrate from their natal group upon maturation, it would follow that members of the non-
migrating sex would be more likely to form reciprocal relationships. Additionally, since 
groups of free-ranging primates sometimes undergo a fission whereby a large group naturally 
separates into two smaller ones, usually along maternal family lines (Melnick and Pearl 
1987), siblings, especially females in the case of the rhesus monkeys, are more likely to 
remain in the same group than unrelated partners. Consequently, it is legitimate to suggest 
that natural selection should favour a strategy in which immatures are more reciprocal in 
relationships with siblings than with non-siblings. Such a difference in reciprocity has been 
demonstrated in this study. 
It is believed that two approaches could be used in further and refined investigation of 
development of social competence and the consistency of patterns underlying social 
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behaviour from infancy to adulthood. The first approach should involve a detailed study of 
reciprocity in relationships of juveniles and adults of the non-migrating sex. For example, it 
would be expected that juvenile rhesus females, who remain in their natal groups, would be 
more reciprocal in their relationships with adult females than juvenile males. In the second 
approach, strongly appealing to all students of social behaviour, long-term studies of social 
relationships between the same partners over the life-span should be considered. In the case 
of rhesus monkeys, it would be expected that the dyads of females which were reciprocal in 
their youth, would remain reciprocal during adulthood. I believe that such studies, which 
would enable us to consider subtleties of social behaviour in immatures as well as in adults, 
will support the hypothesis that complex adult social behaviour has its roots in earlier stages 
of life and would provide an outline of the pattern of its development. 
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9. SUMMARY AND CONCLUSIONS 
9.1 General Summary 
This study aimed to assess the influence of relationships with partners close in age on the 
development of social competence in immature monkeys. Social relationships between 
sibling and non-sibling immature captive rhesus macaques, living in social groups, were 
investigated. First, the characteristics of affiliative and agonistic aspects of those 
relationships were described. Then, the degree to which social behaviours were reciprocated 
in dyads of immatures, and possible factors influencing the reciprocity were examined. 
The social relationships of immature rhesus monkeys differed according to whether their 
partners were siblings or non-siblings. Siblings interacted more often than non-siblings in 
almost all behaviours studied: grooming, proximity and agonistic interactions, and often 
tended to be more frequent partners for play as well. Both siblings and peers played more 
than non-peers, that is, non-siblings born in different years. Among non-siblings, young 
monkeys also associated more with peers than with non-peers. Age influenced to a certain 
degree the amount of time dyads spent on play, grooming, time in proximity and the rate of 
aggression. Infants and Young Juveniles played with each other and stayed in proximity 
more than they did with Old Juveniles, but groomed less than they did with Old Juveniles. 
Non-siblings' aggression was influenced by age: dyads of Old Juveniles were always more 
aggressive than dyads with Young Juveniles or Infants. Infants were most often the targets 
of other immatures' aggression, but least often the aggressors. 
Patterns of reciprocity varied between types of reciprocity, behaviours and partners. 
Interaction Reciprocity in play was very variable, but usually the highest (i.e. both partners 
initiated play almost equally often) between reciprocal play partners (i.e. the partners who 
played with each other more often than with other monkeys). Grooming Interaction 
Reciprocity was very low, indicating that usually only one of the partners was responsible for 
most of the grooming in a dyad. Siblings' grooming, however, seemed to be more reciprocal 
than that of non-siblings. Among non-siblings, Interaction Reciprocity was higher between 
reciprocal grooming partners than between non-reciprocal partners. Interaction Reciprocity 
in proximity was generally very high in all types of dyads. Siblings were reciprocal partners 
in all three affiliative behaviours more often than non-siblings. This pattern was most 
pronounced in proximity, and the least in play. 
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Dominance ranks were fairly stable between pairs of immatures. Older monkeys were 
usually dominant to the younger ones, both among siblings and non-siblings, with a few 
exceptions described in more detail. These exceptional cases seem to show that even 
monkeys as young as those in the present study are opportunistic enough to take advantage 
of circumstances which may help them raise in rank over older and stronger ones. The 
circumstances in these cases seemed to be provided by available and willing allies dominant 
to the challenged individual. 
Dominant non-siblings consistently initiated play more often than subordinates, but 
dominant siblings tended to do so only in the second season. Dominant siblings groomed 
more than subordinates, but as they were almost always older than subordinates it is difficult 
to say whether this was an effect of rank or age. However, no such difference emerged for 
non-siblings. Among both sibling and non-sibling dyads, subordinate dyad members left the 
proximity of their dominant partners more than they were left by them. When individual 
differences were explored, it emerged that offspring of alpha-females received more 
grooming than offspring of low-ranking (third or lower) females. There was also a tendency 
for immature monkeys to direct more grooming to higher-ranking non-siblings than to 
lower-ranking ones. 
Immatures did not reciprocate agonistic aid by aiding the former supporter. However, 
coalitions and coalitions for aids or vice versa were reciprocated, and it happened more often 
in sibling than in non-sibling dyads. Agonistic help (in the form of aiding and coalitions) 
was positively correlated with the amount of time spent grooming and in proximity by a 
dyad. When a third monkey interfered in the conflict involving two immatures, it was 
usually a mother of one of them (in 80% of conflicts). Mother's interference was more likely 
if her offspring had a dispute with a non-sibling, than with a sibling, and if it was a victim, 
rather than an aggressor in a conflict. The amount of interferences by other monkeys in 
immatures' disputes was negatively correlated with time spent playing by siblings and 
negatively correlated with time spent grooming by non-siblings. There was no evidence that 
young monkeys exchange different behaviours, like for example grooming and agonistic aid. 
However, siblings were reciprocal in at least some aspects of their relationships, including 
play, grooming, proximity or reciprocated agonistic help. 
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9.2 Conclusions 
The affiliation levels between immature rhesus monkeys shown in grooming and 
proximity are most affected by their kinship. As such, they reflect the differences found 
in patterns of affiliation among adults. The differences shown in play are much less 
pronounced but they are also biased towards siblings, which are more frequent partners 
than non-siblings. 
• Among non-siblings, age difference is the key factor influencing their affiliation: same-
age partners are more affiliated than partners born in different years. 
• High levels of affiliation do not preclude high levels of aggression. Siblings are more 
aggressive to each other than non-siblings, but their aggression involves more 
reciprocity, in so far as immatures are more likely to respond aggressively when attacked 
by a sibling than by a non-sibling. 
• Interactions and relationships of immature monkeys show clear patterns of reciprocity, 
depending on kinship, degree of affiliation and the behaviour involved. 
• Sibling relationships are more likely to be reciprocal than relationships between non-
siblings. As with patterns of behaviour, this difference is the least pronounced in play. 
• On the basis of this evidence, the concept of reciprocity has proved a useful framework 
for considering the patterns and quality of relationships between immature monkeys, as 
well as for mechanisms of their social development. The degree of reciprocity observed 
in immatures may have implications for the development of reciprocal exchange, 
observed in the behaviour of adult primates. 
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Appendix A 
An example of the check-sheet used to collect data (original size was A4). Columns denote 
behavioural categories, rows denote successive 30-sec. time intervals. Each check-sheet 
covered 15 minutes' recording of one focal individual. Design was broadly in accord with 
Hinde's (1973) and Martin and Bateson's (1986) guidelines. 
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Table B.t Polyadic agonistic interactions which involved at least two immatures in Pen 2. 
Type of conflict and interference Season 1986-87 Season 1987-88 Total 
All-Immatures' Conflicts 7 24 31 
Sib conflict, Sib interferes 0 0 0 
Sib conflict, Non-sib interferes 0 1 1 
Non-sib conflict, Sib interferes 
Sib aggressor 1 5 6 
Sib victim 2 8 10 
Non-sib conflict, Non-sib interferes 4 9 13 
Adults' Interferences 44 83 127 
Sib conflict, Mother interferes 16 24 40 
Non-sib conflict, Mother interferes 18 45 63 
Sib conflict, Other interferes 2 3 5 
Non-sib conflict, Other interferes 8 11 19 
Two Immatures' Coalition against Adult 0 2 2 
Sib coalition 0 2 2 
Non-sib coalition 0 0 0 
One Immature's Aid to another 
Immature against Adult 1 6 7 
Aid to Sib 1 3 4 
Aid to Non-sib 0 3 3 
One Immature's Coalition with Adult 
against another Immature 10 4 14 
With Mother 
against Sib 0 1 1 
against Non-sib 1 3 4 
With Other 
against Sib 0 0 0 
against Non-sib 9 0 9 
There were 8 immatures in Pen 2 in season 1986-87, and 10 immatures in season 1987-88. 
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Table B.2 Polyadic agonistic interactions which involved at least two immatures in Pen 3. 
Type of conflict and interference Season 1986-87 Season 1987-88 Total 
AIl-Immatures' Conflicts 30 33 63 
Sib conflict, Sib interferes 7 1 8 
Sib conflict, Non-sib interferes 3 10 13 
Non-sib conflict, Sib interferes 
Sib aggressor 6 5 11 
Sib victim 5 12 17 
Non-sib conflict, Non-sib interferes 9 5 14 
Adults' Interferences 43 82 125 
Sib conflict, Mother interferes 11 16 27 
Non-sib conflict, Mother interferes 28 42 70 
Sib conflict, Other interferes 1 7 8 
Non-sib conflict, Other interferes 3 17 20 
Two Immatures' Coalition against Adult 1 2 3 
Sib coalition 1 1 2 
Non-sib coalition 0 1 1 
One Immature's Aid to another 
Immature against Adult 1 0 1 
Aid to Sib 1 0 1 
Aid to Non-sib 0 0 0 
One Immature's Coalition with Adult 
against another Immature 25 5 30 
With Mother 
against Sib 3 0 3 
against Non-sib 5 2 7 
With Other 
against Sib 13 2 15 
against Non-sib 4 1 5 
There were 8 immatures in Pen 3 in each of the seasons. 
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Table B.2 Polyadic agonistic interactions which mvolved at least two immatures in Pen 3. 
Type of conflict and interference Season 1986-87 Season 1987-88 Total 
AII-Immatures' Conflicts 30 33 63 
Sib conflict, Sib interferes 7 1 8 
Sib conflict, Non-sib interferes 3 10 13 
Non-sib conflict, Sib interferes 
Sib aggressor 6 5 11 
Sib victim 5 12 17 
Non-sib conflict, Non-sib interferes 9 5 14 
Adults' Interferences 43 82 125 
Sib conflict, Mother interferes 11 16 27 
Non-sib conflict, Mother interferes 28 42 70 
Sib conflict, Other interferes 1 7 8 
Non-sib conflict, Other interferes 3 17 20 
Two Immatures' Coalition against Adult 1 2 3 
Sib coalition 1 1 2 
Non-sib coalition 0 1 1 
One Immature's Aid to another 
Immature against Adult 1 0 1 
Aid to Sib 1 0 1 
Aid to Non-sib 0 0 0 
One Immature's Coalition with Adult 
against another Immature 25 5 30 
With Mother 
against Sib 3 0 3 
against Non-sib 5 2 7 
With Other 
against Sib 13 2 15 
against Non-sib 4 1 5 
There were 8 immatures in Pen 3 in each of the seasons. 
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Table B.3 Polyadic agonistic interactions which involved at least two immatures in Pen 4 . 
Type of conflict and interference Season 1986-87 Season 1987-88 Total 
AII-Immatures' Conflicts 7 28 35 
Sib conflict, Sib interferes 4 10 14 
Sib conflict, Non-sib interferes 1 2 3 
Non-sib conflict, Sib interferes 
Sib aggressor 1 11 12 
Sib victim 1 1 2 
Non-sib conflict, Non-sib interferes 0 4 4 
Adults' Interferences 16 56 72 
Sib conflict, Mother interferes 11 26 37 
Non-sib conflict, Mother interferes 3 17 20 
Sib conflict, Other interferes 1 4 5 
Non-sib conflict, Other interferes 1 9 10 
Two Immatures' Coalition against Adult 5 13 18 
Sib coalition 5 12 17 
Non-sib coalition 0 1 1 
One Immature's Aid to another 
Immature against Adult 3 15 18 
Aid to Sib 3 13 16 
Aid to Non-sib 0 2 2 
, 
One Immature's Coalition with Adult 
against another Immature 7 7 14 
With Mother 
against Sib 1 0 1 
against Non-sib 2 3 5 
With Other 
against Sib 0 0 0 
against Non-sib 4 4 8 
There were 5 immatures in Pen 4 in season 1986-87, and 7 immatures in season 1987-88. 
Appendix B 
Table B.4 Polyadic agonistic interactions which involved at least two immatures in Pen 5. 
Type of conflict and interference Season 1986-87 Season 1987-88 Total 
AII-Immatures' Conflicts 5 0 5 
Sib conflict, Sib interferes 0 0 0 
Sib conflict, Non-sib interferes 0 0 0 
Non-sib conflict, Sib interferes 
Sib aggressor 5 0 5 
Sib victim 0 0 0 
Non-sib conflict, Non-sib interferes 0 0 0 
Adults' Interferences 6 9 15 
Sib conflict, Mother interferes 0 1 1 
Non-sib conflict, Mother interferes 3 5 8 
Sib conflict, Other interferes 1 2 3 
Non-sib conflict, Other interferes 2 1 3 
Two Immatures' Coalition against Adult 0 3 3 
Sib coalition 0 2 2 
Non-sib coalition 0 1 1 
One Immature's Aid to another 
Immature against Adult 0 0 0 
Aid to Sib 0 0 0 
Aid to Non-sib 0 0 0 
One Immature's Coalition with Adult 
against another Immature 1 5 6 
With Mother 
against Sib 0 2 2 
against Non-sib 1 2 3 
With Other 
against Sib 0 1 1 
against Non-sib 0 0 0 
There were 5 immatures in Pen 5 in season 1986-87, and 4 immatures in season 1987-88. 
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Abstract 
Play, grooming and proximity, and the degree to which these were reciprocated between pairs, 
were studied in immature sibling and non-sibling rhesus monkeys (Macaca mulatta) in four 
established captive groups over two seasons. "Interaction reciprocity" and "Partner choice 
reciprocity" were assessed for each dyad for each of the three behaviours. In play, interaction 
reciprocity was based on the ratio between the play initiations by each dyad member, in grooming on 
the ratio between the grooming durations by each dyad member, and in proximity on the relative 
responsibility for proximity maintenance. Two or three most frequent (top) partners for each 
behaviour were found for each individual. Iftwo monkeys were within each other's top partners, they 
were said to be reciprocal in partner choice. Monkeys played with non-siblings as much as with 
siblings, but spent more time grooming and in proximity with siblings than with non-siblings. 
Same-age non-siblings (peers) were more frequent partners than other non-siblings for each 
behaviour. Siblings' grooming interactions were more reciprocal than those of non-siblings. There 
was no such effect for play and proximity. All-male dyads tended to be more reciprocal in play 
interactions, and all-female dyads tended to be more reciprocal in grooming interactions. In play, but 
not in grooming or proximity, interaction reciprocity of dyads reciprocal in partner choice was higher 
than that of non-reciprocal dyads. It is argued that the three behaviours have similar roles in infant's 
social development. Differences in both kinds of reciprocity may be caused by control by relatives 
over an infant's partner choice, depending on the behaviour concerned. 
Key words: immature rhesus monkeys, kinship, reciprocity, play, grooming, proximity 
Running title: Reciprocity in young rhesus monkeys. 
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1. INTRODUCTION 
The concept of reciprocity has generally been used to refer to the nature or degree of involvement 
of two individuals into an interaction or relationship (e.g. Colvin, 1983; Rasmussen, 1983; Hinde, 
1979). The reciprocity of interactions has usually been understood as an equal balance of giving and 
receiving by two interacting individuals (Hinde, 1979). For example, if two monkeys groomed each 
other for approximately equal amounts of time, their grooming was labelled reciprocal (Colvin and 
Tissier, 1985; Wade, 1977). Similar definitions have been used to establish reciprocity in the 
responsibility for proximity maintenance (Hinde and Atkinson, 1970; Hinde and Proctor, 1977; 
Hinde, 1977), or reciprocity in play (Colvin and Tissier, 1985). 
A somewhat different concept of reciprocity has been used to refer to the possible reciprocal 
exchange of different behaviours (Smuts, 1985; Dunbar, 1988). For example; it has been suggested 
that support in agonistic interactions may be repaid by grooming at a later date (Smuts, 1985), or, that 
grooming increases probability of future help (Seyfarth and Cheney, 1984). In a study of grooming 
between mothers and offspring in chimpanzees Nishida (1988) suggested that the ability to 
reciprocate grooming might be a "precondition for development of more flexible use of social 
grooming in a complicated social setting". 
In most studies, reciprocity has been reported only as a side issue, or as theoretical background. 
Also, the relation between reciprocal interactions between partners and long-term patterns of that 
particular behaviour with these partners has rarely been shown. 
The reciprocity in behavioural exchange among humans has long been seen as having an 
important role in the development. Sahlins (1965) suggested that an immediate tit-for-tat kind of 
reciprocity might be an important starting mechanism for relationship and friendship formation. 
Youniss (1986) carried this point further saying that during the course of the development of 
friendship the practice of literal reciprocation was replaced by a conditional reciprocity depending on 
the need of · the partner. Youniss (1980) also argued that children's peer relationships were 
characterized by a high degree of reciprocity. As opposed to relationships with adults, which are 
complementary, relationships with peers introduce children to the world of "mutual understanding" 
and thus contribute a great deal towards a child's normal social development. 
Therefore, reciprocity within a behaviour is the earliest appearance of a reciprocal exchange 
(Nishida, 1988; Sahlins, 1965, Youniss, 1980, 1986). As such, it may be a condition necessary for 
reciprocity to occur at a much higher level, i.e. in an exchange of different behaviours. Reciprocity in 
one context, once achieved, can probably be transferred into other situations (Nishida, 1988). 
The present study has been designed to test for reciprocity of interactions in social behaviours of 
young rhesus macaques. In particular, this paper focusses on comparison of siblings with non-siblings 
in their affiliative interactions. Among non-siblings, same-age partners (peers) are distinguished and 
compared with siblings and other non-siblings. It is known that among primate groups, individuals 
usually associate more with kin than non-kin. They spend more time close to kin (e.g. Sade, 1965; 
Altmann, 1980; Baker and Estep, 1985; Lee, 1987), help them more in agonistic encounters (e.g. 
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Kaplan, 1977, 1978; Massey, 1977; Meikle and Vessey, 1981), and groom them more (e.g. Kurland, 
1977; Stammbach, 1978; Fairbanks, 1980; Seyfarth, 1980; Silk et al., 1981; Colvin, 1983; Baker and 
Estep, 1985). There is evidence that young primates have social networks similar to those of their 
adult relatives (Berman, 1983). Young rhesus monkeys groom siblings more than non-siblings and 
grooming between siblings is usually more reciprocal than among non-siblings (Colvin, 1983; Janus, 
1987). Young vervet monkeys also preferentially groom their siblings (Lee, 1987). The second main 
issue of this paper is to show how reciprocal interactions relate to the frequency of interactions with 
particular partners (called here "partner choice"). The hypotheses tested are as follows: 
1) Siblings interact with each other more than non-siblings. 
2) Siblings' interactions are more reciprocal than those of non-siblings. 
3) Sibling dyads are more reciprocal in their choice of partner, i.e. if two monkeys interact with each 
other more than with other available partners, they are more likely to be siblings. 
4) Patterns of reciprocity vary with the behaviour. 
2. METHODS 
2.1 Subjects, accommodation, and study period 
The subjects were 28 young rhesus monkeys, living in four social groups, each including one 
adult male, 2 to 6 adult females and their sub-adult, juvenile and infant offspring. Each group had a 
large outdoor enclosure leading to a smaller heated indoor room. 
Data were collected throughout two seasons. Out of the 28 subjects, 12 were studied throughout 
both seasons, and 16 for only one. 8 of the latter group were dropped after the first season because at 
the age of about 3.5 years they approached sexual maturity (see Drickamer, 1974; Melnick and Pearl, 
1987). In the second season 8 new infants were observed from the age of about 4 months. Because of 
this discrepancy in the number of seasons monkeys were observed, data from each season were not 
combined but always analysed separately. Individu.als were sampled on a focal animal basis 
(Altm ann , 1974). In each season a focal monkey was observed for a total of at least 70 IS-minutes 
observations which were grouped in two-month blocks. Each observation was divided into 30 half-
minute intervals within which behaviours were sampled (see below). 
All dyads described in this paper as siblings are maternal siblings, not necessarily with the same 
father. The focal individuals formed 13 sibling dyads in the first season, 11 in the second, 30 non-
sibling dyads in the first season, 36 non-sibling dyads in the second one (see Table I). The youngest 
was 4 months old and the oldest 30 months old at the onset of the study. 
Table I 
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The age differences in sibling dyads was either 1 or 2 years; the age differences in non-sibling 
dyads were 0, 1 or 2 years. 
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2.2 Sampling methods 
2.2.1 Play. Social play was defined as any of the following: chase, wrestle, holding down, mouthing, 
grabbing, if any of them occurred in a non-agonistic context and only if one or both monkeys 
involved showed the open-mouth play face (White, 1977; Cheney, 1978). Often it was necessary to 
wait for a few seconds to determine whether a play initiation resulted in a play bout, or whether a play 
bout had finished. In order to eliminate possible bias in assessing the duration of clear and unclear 
bouts, a combination of continuous and one-zero sampling was used: if the beginning of play was 
recorded in the first 15 sec. of the half-minute interval within an observation, it was assumed to start 
at the beginning of that interval, otherwise it was assumed to start in the middle (15 sec. after the 
beginning of the interval). Similarly, if the end of play was recorded in the first 15 sec. of the half-
minute interval, it was assumed to finish 15 sec. after the beginning of that interval, otherwise it was 
assumed to last until the end of that interval. The duration accuracy was therefore to the nearest 15 
seconds. Play was measured as a percentage of total observation time (in seconds) spent by both 
individuals in play. 
2.2 .2 Grooming. A monkey was said to groom another if it manually lifted and brushed through the 
hair of its partner as if cleaning it (Sade, 1965). Unlike play, the grooming interactions have 
distinctive beginnings and ends and therefore the sampling of grooming was continuous, with the 
accuracy of recorded durations within the nearest 1 sec. Grooming was measured as a percentage of 
total observation time during which one (or both) individual(s) was grooming the other. 
2.2.3 Proximity. Two monkeys were considered to be in close proximity to each other if they were 
within 0.6 m, regardless whether in body contact or not. Thus, approaching or leaving was recorded 
with regard to this distance: monkey A was said to approach/leave monkey B if monkey A came 
within/lefi a 0.6 m radius around monkey B. Approaches and leaves were sampled continuously. A 
scan of proximity partners to a focal monkey was taken every 30 seconds throughout a record, at the 
end of each half-minute interval, thus giving the total number of 30 possible scan points in one focal 
observation. 
Percentage of scan points which the dyad spent within 0.6 m from each other was used as a 
measure of proximity. 
The above measures of the three behaviours will be subsequently called "Time spent" doing a 
particular behaviour. 
2.3 Analysis 
For the analyses described in this paper all records in which the two members of a particular dyad 
appeared were used, regardless of which of the two was the focal animal. 
2.3.1 Statistics. Since both measures of play/grooming and of reciprocity proved not to have a 
normal distribution, only non-parametric statistical tests were used. They were as follows: Mann-
Whitney U-test, Kruskal-Wallis one-way analysis of variance, Wilcoxon matched-pair signed-ranks 
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test, X2 test and binomial test (Siege!, 1956). All probabilities are two-tailed, unless otherwise stated. 
Some of the statistics were done on dyads as units. Oyads of unrelated juveniles were classified 
according to the age difference between the two members of a dyad. Non-siblings born in the same 
year (age difference = 0) were classified as "peers", i.e. same-age non-siblings. Non-siblings born in 
different years (age difference ~ 1) were classified as "non-peers". The differences between pairs of 
categories were tested using the Mann-Whitney U-test. 
The dyads were also classified according to the sex of their members into all-male (male, for 
short), all-female (female), and mixed-sex (mixed) dyads. In this classification siblings and non-
siblings were combined in order to maintain a relatively high sample size, especially for male dyads. 
Most of the individuals were members of more than one dyad. In order to minimize the effect of 
this dependence, a slightly more conservative level of significance, p = 0.01, was chosen for all 
analyses where dyads were treated as units of analysis. Cases of 0.01 < P < 0.05 were considered to 
reflect strong tendencies. 
2.3.2 Reciprocity measures. In this study, reciprocity has been assumed to be a quality characterizing 
a dyad; the differences sought were therefore differences between dyads and not individuals. In order 
to be able to test the above hypotheses, very clear definitions of behavioural reciprocity in interactions 
and in partner choice were needed. The interaction reciprocity definition was formulated in such a 
way as to reflect the behaviour of two individuals during their interactions. In contrast, the partner 
choice reciprocity was designed to reflect the behaviour of two individuals towards each other in 
relation to the behaviour of each individual towards other available partners. These measures could 
then be compared across dyads. 
All reciprocity indices had a range between 0 (when only one individual in a dyad was responsible 
for all play, grooming or proximity maintenance) and 1 (when they were both equally responsible). 
Interaction reciprocity (lR) was calculated as follows. 
1) Play: for each dyad in each two-month block a ratio IAIIB was calculated, where lA was the 
number of play initiations by the partner in the dyad that initiated least often, and IB was the number 
of initiations by the other member of the dyad. 
2) Grooming: for each dyad in each two-month block a ratio T Aff B was calculated, where TA 
was the grooming time by the member which groomed least, and TB was the grooming time by the 
most frequent groomer in the dyad. 
3) Proximity maintenance: for each dyad in each two-month block a responsibility for proximity 
maintenance of each dyad member was calculated (RA and RB), using the following formulae: 
For individual A: 
RA = Approaches by N(Approaches by A + by B) - Leaves by N(Leaves by A + by B) 
For individual B: 
RB = Approaches by B/(Approaches by A + by B) - Leaves by B/(Leaves by A + by B) 
Since RA = -RB, the responsibility with a positive value was chosen and the reciprocity index 1 -
R (where R ;;:: 0) was calculated for each dyad. In this way, the reciprocity of proximity maintenance 
also ranged from 0, in dyads where there was no reciprocity, to 1 in dyads which were perfectly 
reciprocal. 
For each season, each dyad and each behaviour, a mean of the above ratios was calculated, taking 
into account only those two-months blocks when a particular behaviour occurred within a dyad. For 
example, there were five two-months blocks in the first season, but a dyad A-B did not play in two of 
them. Therefore its play IR for this season would be calculated as a mean of the three blocks in which 
the individuals played. 
Those dyads with less than 10 play invitations, less than 50 seconds of grooming and less than 
3.5% of time in proximity were omitted from the respective analyses. 
Partner choice reciprocity was determined as follows. Within each observation period and for 
each focal monkey an order of play, grooming and proximity frequencies was cre,ated using the 
appropriate measures for each behaviour. Then, the average rank for all data periods within a season 
was calculated and on its basis an overall partner frequency hierarchy was constructed. The averaged 
ranks, rather than averaged scores, were used to emphasize the relative frequencies of interactions 
with each partner as compared with other partners. The top partners were defined as the two most 
frequent partners in groups where there were five or less immatures, and as the three most frequent 
partners in groups where there were six or more immatures available. A dyad was said to be 
reciprocal in partner choice if its two members were within each other's top partners. (Note that the 
term "choice" is used here only as a tool to describe the relative frequencies of interactions between 
many partners and does not imply any conscious choice or preference.) 
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.3. RESULTS 
3.1 Time spent playing, grooming and in proximity 
Although siblings tended to spend more time playing than non-siblings, the difference did not 
reach the p<O.OI level (season I: p=O.I, season 2: p=O.02, Fig. lA). Grooming, however, was 
significantly higher among siblings in each season (p<O.OI, Fig. IC). The same was true for 
proximity time: siblings spent significantly more time in proximity than non-siblings (p<O.01, Fig. 
lE). 
Figure 1 
The following comparisons between dyads were perfonned for play, grooming and proximity: 
siblings versus peers, siblings versus non-peers and peers versus non-peers (see Methods for rules of 
dyad classifications). The values for each category and results of each comparison are in Table HA 
and C. In summary, siblings play as much as peers, but rather more than non-peers, groom as much as 
peers (with a tendency to groom more), but more than non-peers and spend more time in proximity 
than either peers or non-peers. Peers play more than non-peers, but groom and stay close to each 
others as much as non-peers. 
Table IT 
3.2 Interaction reciprocity 
3.2.1 Siblings versus non-siblings. Siblings did not show significantly higher interaction reciprocity 
in either play or responsibility for proximity maintenance (Fig. I B and F). Grooming was more 
reciprocal among siblings than non-siblings, but significantly so only in the first season (season I: 
p<O.OI, season 2: p=O.I, Fig.l D). There were no consistent differences in IR between siblings and 
peers, siblings and non-peers, or peers and non-peers (see Tab.IIB and C). However, peers' IR tended 
to be higher than non-peers' in play and grooming at least in one of the seasons. Non-peers' proximity 
IR tended to be higher than peers' in the first season. There were no differences between peers and 
siblings, and siblings showed significantly higher IR in grooming than non-peers only in the first 
season. 
3.3 Sex combination and interaction reciprocity 
The time spent playing, grooming and in proximity, as well as the IR in each behaviour in the 
three types of sex combination dyads: male, female and mixed, are in Table Ill. The differences were 
tested with one-way Kruskal-Wallis anova, for each behaviour separately. None of the differences was 
significant at the p=O.OI1evel. There were, however, some tendencies, especially for play: male dyads 
seemed to play more than others and their play IR was higher than in either female or mixed dyads. 
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Table ill 
3.4 Comparison of peers versus different age partners 
Interactions of individuals having a peer partner available were examined. 
3.4.1 Siblings versus peers. Only individuals which had both a peer and a sibling available were 
considered. In the first season, there were 14 such monkeys, 8 females and 6 males. In the second 
season, there were 13, 6 females and 7 males. Table IV A shows: first, the numbers of monkeys 
which interacted with a peer equally or more than with any sibling; second, the numbers of those 
which interacted with a peer less than with any sibling; and third, the binomial test probabilities. 
Individuals were not more likely to interact with siblings than with peers in any of the three 
behaviours. In proximity, there was a tendency to spend more time with siblings than peers. 
3.4.2 Non-siblings versus peers. For this analysis, only individuals which had a peer and at least one 
other non-sibling partner available in a group were considered. In the first season, there were 11 such 
females and 6 males, in the second there were 11 females and 7 males. Table IV B shows: the 
numbers of individuals which interacted with a peer equally or more than with any non-peer, the 
numbers of those which interacted with a peer less than with any non-peer, and, the binomial test 
probabilities. Both females and males interacted with peers more than with non-peers. Females 
played with peers significantly more than with non-peers; both sexes groomed peers significantly 
more than non-peers. 
Table IV 
3.5 Partner choice reciprocity 
In the first season, out of 13 sibling dyads 8 were reciprocal in play partner choice, 10 in 
grooming and 12 in proximity partner choice. Out of 30 non-sibling dyads, 8 were reciprocal in play, 
9 in grooming and 6 in proximity partner choice. In the second season, out of 11 sibling dyads 8 were 
reciprocal in play, 8 in grooming and 10 in proximity partner choice. Out of 36 non-sibling dyads 9 
were reciprocal in play, 7 in grooming and 5 in proximity (Fig. 2). 
Figure 2 
Siblings were more likely to be reciprocal in their partner choice than non-siblings. In only one of the 
six comparisons did the difference fail to reach significance (play, season 86-87, X? = 3.35, df = I, 
p=0.067). 
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3.5.1 Interaction reciprocity in behaviour of most frequent partners. Monkeys which were each 
other's top play partners showed high (above median) play interaction reciprocity (see Table V). This 
was true for both sibling and non-sibling dyads. Non-sibling top grooming partners usually had hlgh 
IR, but sibling top grooming partners were equally likely to have either high or low IR in grooming. 
Neither siblings nor non-siblings showed differences in proximity IR between top and non-top 
partners. Among siblings, it was due to a hlgh percentage of dyads consisting of top partners. 
Conversely, among siblings, this effect was due to a large percentage of dyads which members were 
not top partners. 
Table V 
When peers were each other's top partners, their interactions were usually reciprocal (see Table 
VI). Peers were not more likely to be top partners than siblings, although they tended to be more often 
each other's top partners than non-peers in play and grooming (Table VII). 
Table VI and Table VII 
4. DISCUSSION 
As predicted, siblings interacted with each other more than non-siblings. They were also more 
reciprocal in their interactions and choice of partner, although these differences were not consistent 
across behaviours. 
The three behaviours, play, grooming and proximity have much in common. They are all positive, 
with affiliative qualities and have been linked to characterize friendly relationships of immature 
primates (e.g. Hayaki, 1983; Colvin and Tissier, 1985; Lee, 1987; Nicolson, 1987). They provide 
means for developing, as well as maintaining or reconciling, a relationship (Lee, 1983; de Waal and 
Yoshihara, 1983; Cords, 1988). Proximity, often together with grooming, has been used as an 
indicator of the closeness of a relationshlp between two animals (Koyama, 1973; Colvin, 1983; 
Smuts, 1983) or ~ven to determine kinship (WaIters, 1981). This study has shown that among non-
siblings, peers consistently were or tended to be more frequent partners than non-peers in all three 
behaviours. Therefore it seems legitimate to assume that play, grooming and proximity do have 
similar roles in the social development of immature rhesus monkeys. In relationships with non-kin, 
they provide means for introducing a young infant into a social world away from its mother (mainly 
play, see DiGregorio et al., 1987; Berman, 1983) and reinforce its relationships with the most 
suitable, excluding kin, partners - same age peers. 
In more than one aspect, however, play showed different characteristics from either grooming or 
proximity. Play partners may be chosen on the basis of a similar dominance rank (Caine and 
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Mitchell, 1979b) or familiarity (Fady, 1969, Cheney, 1978). The strength of affiliation did not 
influence play among free-ranging immature rhesus males (Colvin and Tissier, 1985). Infant baboons 
showed more peer preferences in play than juveniles and subadults who played most with siblings 
(Cheney, 1978). 
The immature rllesus monkeys in the present study played almost as much with siblings as with 
non-siblings, especially peers, but they always groomed and stayed close to siblings more than to 
non-siblings. The order of frequencies was thus as follows: 
a) in play - 1. sibling = peer, 2. non-peer 
b) in grooming - 1. sibling, 2. peer, 3. non-peer 
c) in proximity - 1. sibling, 2. peer = non-peer. 
From all the results it clearly emerges that grooming and proximity are kin-oriented behaviours, while 
play is rather peer-oriented. The blood relation between siblings compensates the lack of similarity in 
size which has been claimed as the most important factor in play partner choice (see Fagen, 1981). 
In contrast to grooming and proximity, play interactions were reciprocal between top play 
partners, whether they were siblings or not (Tab. IV). The explanation for this phenomenon probably 
lies in the nature of play. It is a behaviour which requires an active involvement of the two interacting 
partners. In order for a play bout to occur, it is necessary that the invitation to play receives a playful 
action in response, in other words, acceptance. A monkey cannot be asleep, engaged in other activities 
like grooming or eating, or indifferent, and, at the same time, play with another monkey. Therefore, it 
seems reasonable to assume that play which is also reciprocal according to the definitions in this 
study, i. e. in the amount of initiations, is probably more rewarding that unreciprocal play. It was 
impossible to trace in this study which came first, the high IR or reciprocated partner choice. The high 
play interaction reciprocity might have led to two partners playing with each other more than with 
other immatures, but it could also happen that two monkeys played with each other most frequently 
for some other reasons, (e.g. age-sex combination) and only after a certain time their interactions 
became reciprocal as well. A more detailed study, following young monkeys' interactions from their 
birth, is needed to distinguish these possibilities. 
In grooming and proximity most frequent partners were almost equally likely to have high and 
low IR in their respective interactions. Grooming among non-siblings was a notable exception in this 
respect: the majority of top non-sibling grooming partners had relatively high grooming IR. It must be 
remembered, though, that it was still rather low in absolute values (only higher than 0.14). As it 
happened among immatures, this effect may be an early indication of a special function of grooming 
in adult life. Cheney and Seyfarth (1984) produced evidence that female vervet monkeys increased 
their chances of getting support by grooming unrelated individuals. Grooming a relative had no such 
effect, probably because relatives were already the most frequent allies (Kaplan, 1978; Massey, 1977), 
regardless of how often they were groomed. The return of grooming among non-siblings may be a 
condition necessary to support the relationship, whatever the further advantages of this relationship 
may be, whereas among siblings this condition is not as vital. It remains. to be seen whether non-
sibling immature rhesus monkeys can trade grooming for agonistic aid (Janus, in prep.). Dominance 
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rank did not influence grooming among immatures (Janus, in prep.), in contrast to grooming among 
adults (Seyfarth, 1980; Stammbach, 1978; Silk, 1982). 
Sex differences are important for understanding the quality of relationships among immature 
primates. There is evidence that males have a different social network of relationships from females, 
and that this differentiation begins as early as in their second year of life (Berman, 1983; Holman and 
Goy, 1988). Symons (1978) in his study of rhesus play has shown that males tend to play more than 
females and have more play partners. Holman and Goy (1988) have suggested that young males' 
peripheralization can begin in their second year of life: yearling males, following the birth of their 
siblings, spent significantly less time with their mothers than before, compared with same-age 
females, and males also began associating with adult males. This seems to be reflected in the fact that 
around two years of age sex differences become apparent in young rhesus monkeys' grooming: young 
rhesus males groom less than females (Ehardt and Bemstein, 1987). The present study showed some 
interesting tendencies in reciprocity of mixed, all-male and all-female dyads. Males tend to have 
higher reciprocity levels in play, females in grooming, with mixed-sex dyads lying roughly in 
between (grooming) or lowest (play). As these are only tendencies, and the results for males have 
been based on a small sample size, it is not possible to make a conclusive statement. These results 
do, however, reflect general trends for same-sex preferences in grooming and for more equal 
involvement in play among male partners as opposed to mixed-sex and female partners. 
Since it has been shown that interaction reciprocity and reciprocity in partner choice differ not 
only between types of dyads, but also between behaviours, the following hypothesis to explain these 
differences is suggested. Gose relatives may exercise various degrees of control over an infant's 
choice of partner for different behaviours: they do not influence its play much, but often actively or 
passively prevent the young monkey from choosing non-kin to groom or stay in proximity with. As 
play takes an infant away from its mother (DiGregorio et al., 1987), she cannot usually control her 
offspring's choice of partner. But it is plausible that she does not need to do it for play. Whether the 
function of play is seen as a "social practice" (Lee, 1983; Poirier and Smith, 1974) or a "motor 
practice" (Fagen, 1981), a partner similar in physical qualities seems to be the most suitable for safe 
practising of both social and motor skills. Play frequency, however, decreases dramatically when a 
monkey reaches sexual maturity, except for isolated .bouts in some species (Caine and Mitchell, 
1979a; Baldwin, 1969; but see Breuggemann, 1978). It is also disputed whether the presence of play 
behaviour is indeed necessary for an individual's normal development (Baldwin and Baldwin, 1973; 
Lee, 1983). As grooming and proximity socializing functions are extended into adulthood (e.g. 
Smuts, 1985), it may be more important for a monkey to be more cautious in the choice of grooming 
and proximity partners. This hypothesis could be tested by examining the role of an infant's relatives 
in breaking its play, grooming and proximity bouts with other young monkeys. 
12 
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Table I. Sex and age composition of the study sample. 
Season 86-87 Season 87-88 
Males 7 8 
Females 13 12 
Sibling dyads 13 11 
Non-sibling dyads 30 36 
(fotal) 
Peerdyads 9 10 
Male-male dyads 4 5 
Female-female dyads 16 14 
Mixed-sex dyads 23 27 
Hours of observation 35 38.5 
per dyad 
i 
Table IT. Medians of time spent playing, grooming and in proximity (A), interaction reciprocity 
(IR) medians of each behaviour for sibling, peer and non-peer dyads (B), and the 
results of Mann~Whitney U-test comparisons between each two types of dyads: 
siblings vs peers, siblings vs non~peers, peers vs non-peers (C). When significant or 
approaching significance, the direction of difference is also given. 
Table ITA. Time spent playing, grooming and in proximity. 
Play Grooming Proximity 
Dyads N 
Median Range Median Range Median Range 
Season 86-87 13 1.52 0.12-6.85 1.03 0.00-2.68 18.90 7.70-31.62 
Siblings 
Season 87-88 11 3.06 0.36-6.80 0.51 0.01-3.75 21.69 11.15-29.00 
Season 86-87 9 1.61 0.27-5.46 0.81 0.01-1.94 8.52 6.57-20.79 
Peers 
Season 87-88 10 2.61 1.08-5.36 0.10 0.00-0.70 9.26 4.44-15.58 
Season 86-87 21 0.41 0.04-6.57 0.07 0.00-0.84 8.52 3.12-18.57 
Non-peers 
Season 87-88 26 1.13 0.07-4.71 0.12 0.00-1.20 7.67 4.50-16.23 
Table lIB. Interaction Reciprocity 
Play Grooming Proximity 
Dyads 
N Median Range N Median Range N Median Range 
Season 86-87 13 0.52 0.08-0.74 12 0.21 0.01-0.52 13 0.93 0.78-0.98 
Siblings 
Season 87-88 11 0.57 0.08-0.65 10 0.21 0.01-0.46 11 0.93 0.82-0.98 
Season 86-87 9 0.40 0.25-0.74 7 0.23 0.00-0.58 9 0.87 0.65-0.96 
Peers 
Season 87-88 10 0.53 0.25-0.70 6 0.18 0.00-0.29 10 0.90 0.58-0.99 
Season 86-87 16 0.38 0.03-0.69 15 0.02 0.00-0.29 20 0.94 0.66-1.0 
Non-peers 
Season 87-88 22 0.34 0.02-0.75 19 0.19 0.00-0.41 26 0.95 0.74-0.99 
,,- -
Table nc. Results of comparisons between types ofdyads - probability values 
in Mann-Whitney U-test 
Play Grooming Proximity 
Comparison 
Time IR Time IR Time IR 
spent spent spent 
Season 86-87 0.7 0.6 0.5 0.8 0.007 0.06 
Sib vs Peers S>P S>P 
Season 87-88 0.4 0.7 0.03 0.4 0.001 0.4 
S>P S>P 
Season 86-87 0.04 0.6 0.001 0.004 0.001 0.4 
Sib vs Non-peers S>NP S>NP S>NP S>l\1p 
Season 87-88 0.08 0.1 0.004 0.3 0.001 0.6 
S>l\1p S>NP S>NP 
Season 86-87 0.04 0.8 0.05 0.02 0.3 0.03 
Peers vs Non-peers P>NP P>l\1p P>l\1p P<l\1p 
Season 87-88 0.01 0.03 0.7 0.9 0.2 0.1 
P>l\1p P>NP 
Table ill. Medians of time spent playing, grooming and in proximity, and IR medians for each 
behaviour, for male, female and mixed-sex dyads in each season. N of dyads which 
met the criteria for assessing IR are given next to IR values. N of dyads for which 
median rates were calculated are in Tab.!. 
Time spent Interaction Reciprocity 
Sex 
combination 
Play Grooming Proximity Play(N) Grooming (N) Proximity (N) 
Season 86-87 1.36 0.16 11.58 0.63 (4) 0.12 (3) 0.92 (4) 
Male 
dyads 
Season 87-88 3.09 0.18 8.90 0.56 (5) 0.15 (4) 0.90 (5) 
Season 86-87 1.30 0.48 9.01 0.49 (14) 0.25 (12) 0.90 (16) 
Female 
dyads 
Season 87-88 1.08 0.25 7.83 0.34 (13) 0.23 (13) 0.94 (15) 
Season 86-87 1.14 0.28 8.86 0.39 (20) 0.05 (19) 0.93 (22) 
Mixed 
dyads 
Season 87-88 1.95 0.11 9.26 0.42 (25) 0.21 (18) 0.95 (27) 
.1 
Table IV. Numbers of monkeys that interacted with a peer more (SPeer) or less (>Peer) than (A) 
with a sibling; (B) with a non-sibling. Probabilities are derived from the binomial 
test. 
A. With Siblings B. With Non-siblings 
Season 86-87 Season 87-88 Season 86-87 Season 87-88 
SPeer >Peer p SPeer >Peer p $Peer >Peer p $Peer 
PLAY 
males 5 1 .109 5 2 .227 4 2 .344 5 
females 4 4 .637 3 3 .656 10 1 .006 10 
GROOMING 
males 3 3 .656 3 4 .500 6 0 .016 7 
females 4 4 .637 2 3t .500 11 0 .000 9 
PROXIMITY 
males 1 5 .109 0 7 .008 5 1 .109 5 
females 2 6 .145 0 6 .016 8 3 .113 6 
t One female was not observed to groom anybody and was excluded from grooming comparison, so the 
total N in this case is 5, not 6 as in corresponding play and proximity cells. 
>Peer 
2 
1 
0 
2 
2 
5 
p 
.227 
.006 
.008 
.033 
.227 
.500 
Table V. Reciprocity in interactions and partner choice. 
The numbers of dyads in which members were reciprocal in partner choice (top) and 
not reciprocal in partner choice (non-top), and their IR was below median (Low) or 
above median (High). Medians were combined for both seasons, but separate for 
siblings and non-siblings. 
Siblings Non-siblings 
IR Season 86-87 Season 87-88 Season 86-87 Season 87-88 
& behaviour top non-top top non-top top non-top top non-top 
partners partners partners partners partners partners partners partners 
PLAY 
Median 0.54 0.54 0.42 0.42 
High 6 0 6 0 6 4 7 7 
Low 2 5 2 3 2 13 2 16 
Statistical Fisher's test Fisher's test X2 =4.05 X2.= 4.12 
significance P=0.02 P=O.06 P = 0.04 P= 0.04 
GROOMING 
Median 0.20 0.20 0.14 0.14 
High 6 0 4 1 6 3 6 10 
Low 4 2 4 1 2 11 0 9 
Statistical Fisher's test Fisher's test X? = 4.03 X2= 2.62 
significance P=O.4 P=l P=O.04 P= 0.10 
PROXIMITY 
Median 0.93 0.93 0.92 0.92 
High 5 1 4 1 3 10 2 16 
Low 7 0 6 0 3 13 3 15 
Statistical Fisher's test Fisher's test X2=0 X2=0 
significance P= 0.4 P=O.4 P=l P=1 
. Table VI. Peer dyads reciprocal in partner choice. 
The numbers of peer dyads whiCh were reciprocal in their choice of partner are given in bold 
print The numbers of reciprocal dyads which also had high interaction reciprocity are given in 
parentheses. 
Number of Play Grooming Proximity 
peer dyads 
Season 86-87 9 5 (3) 6 (5) 2 (1) 
Season 87-88 10 4 (4) 4 (3) 2 (1) 
Table VII. Percent of peer and non-peer dyads reciprocal in partner choice. 
Play Grooming Proximity 
Peers Non-peers Peers Non-peers Peers Non-peers 
Season 86-87 55% 14% 67% 14% 22% 19% 
Season 87-88 40% 19% 40% 12% 20% 12% 
Figure captions 
Figure 1. Median % time spent playing (A), grooming (C) and in proximity (E), and 
median IR of play (B), grooming (D) and proximity (F) in sibling and non- sibling dyads. 
N of dyads are given next to each column. Lines represent interquartile ranges. 
Figure 2. Percentage of dyads reciprocal in the choice of partner in play, groorlling and 
proximity. Stars represent significance levels for X? comparisons between siblings and 
non-siblings: * - p<0.05, ** - p<O.OI, *** - p<O.OOl. N in the season 86-87 was 13 of 
sibling dyads, 30 of non-sibling, in the 87-88 was 11 of sibling, 36 of non-sibling dyads. 
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